CHAPTER 1: INTRODUCTION TO VOLUME TWO

INTRODUCTION

Coastal habitats provide ecological, cultural,
and economic value. They act as critical habitat
for thousands of species, including numerous
threatened and endangered species, by
providing shelter, spawning grounds, and food
(Mitsch and Gosselink 2000). They often act
as natural buffers, providing ecological, social,
and economic benefits by filtering sediment
and pollution from upland drainage thereby
improving water quality, reducing the effects of
floodwaters and storm surges, and preventing
erosion. In addition to these ecosystem services,
healthy coastal habitats provide many human
values including opportunities for:

* Outdoor recreation and tourism

* Education

» Traditional use and subsistence lifestyles
* Healthy fishing communities, and

* Obtaining other marketable goods

Therefore, healthy functioning coastal habitats
are not only important ecologically, they also
support healthy coastal communities and, more
generally, improve the quality of human lives.
Despite these benefits, coastal habitats have been
modified, degraded, and removed throughout
the United States and its protectorates beginning
with European colonization (Dahl 1990).
Thus, many coastal habitats around the United
States are in desperate need of restoration and
subsequent monitoring of restoration projects.

WHAT IS RESTORATION MONITORING?

The science of restoration requires two basic
tools: the ability to manipulate ecosystems to
recreate a desired community and the ability to
evaluate whether the manipulation has produced
the desired change (Keddy 2000). The latter is
often referred to as restoration monitoring.

For this manual, restoration monitoring is
defined as follows:

“The systematic collection and analysis
of data that provides information useful
for measuring project performance at
a variety of scales (locally, regionally,
and nationally), determining when
modification of efforts are necessary,
and building long-term public support
for habitat protection and restoration.”

Restoration monitoring contributes to the
understanding of complex ecological systems
(Meeker et al. 1996) and is essential in
documenting restoration performance and
adapting project and program approaches when
needs arise. If results of monitoring restored
coastal areas are disseminated, they can provide
tools for planning management strategies and
help improve future restoration practices and
projects (Washington et al. 2000). Restoration
monitoring can be used to determine whether
project goals are being met and if mid-course
corrections arenecessary. [tprovides information
on whether selected project goals are good
measures for future projects and how to perform
routine maintenance in restored areas (NOAA
et al. 2002). Monitoring also provides the basis
for a rigorous review of the pre-construction
project planning and engineering.

Restoration monitoring is closely tied to and
directly derived from restoration project goals.
The monitoring plan (i.e., what is measured,
how often, when, and where) should be
developed with project goals in mind. If, for
example, the goal of a restoration project is to
increase the amount of fish utilizing a coastal
marsh, then measurements should be selected
that can quantify progress toward that goal. A
variety of questions about sampling techniques
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and protocols need to be answered before
monitoring can begin. For the fish utilization
example, these may include:

» Will active or passive capture techniques be
used (e.g., beach seines vs. fyke nets)?

*  Where and when will samples be taken?
*  Who will conduct the sampling?

* What Ilevel of
required?

identification will be

e What structural characteristics such as water
level fluctuation or water chemistry will also
be monitored and how?

*  Whoisresponsible for housing and analyzing
the data?

* How will results of the monitoring be
disseminated?

Each of these questions, as well as many others,
will be answered with the goals of the restoration
project in mind. These questions need to be
addressed before any measurements are taken
in the field. In addition, although restoration
monitoring is typically thought of as a “post-
restoration’ activity, practitioners will find it
beneficial to collect some data before and during
project implementation. Pre-implementation
monitoring provides baseline information to
compare with post-implementation data to see
if the restoration is having the desired effect.
It also allows practitioners to refine sampling
procedures if necessary. Monitoring during
implementation helps insure that the project is
being implemented as planned or if modifications
need to be made.

Monitoring is an essential component of all
restoration efforts. Without effective monitoring,
restoration projects are exposed to several risks.
For example, it may not be possible to obtain
early warnings indicating that a restoration
project is not on track. Without sound scientific
monitoring, it is difficult to gauge how well a
restoration site is functioning ecologically both

before and after implementation. Monitoring
is necessary to assess whether specific project
goals and objectives (both ecological and
human dimensions) are being met, and to
determine what measures might need to be
taken to better achieve those goals. In addition,
the lack of monitoring may lead to poor project
coordination and decreased efficiency.

Sharing of data and protocols with others
working in the same area is also encouraged.
If multiple projects in the same watershed
or ecosystem are not designed and evaluated
using a complementary set of protocols, a
disjointed effort may produce a patchwork of
restoration sites with varying degrees of success
(Galatowitsch et al. 1998-1999) and no way to
assess system-wide progress. This would result
in a decreased ability to compare results or
approaches among projects.

CONTEXT AND ORGANIZATION OF
INFORMATION

In 2000, Congress passed the Estuary
Restoration Act (ERA), Title I of the Estuaries
and Clean Waters Act of 2000. The ERA
establishes a goal of one million acres of coastal
habitats (including those of the Great Lakes) to
be restored by 2010. The ERA also declares
that anyone seeking funds for a restoration
project needs to have a monitoring plan to
show how the progress of the restoration will
be tracked over time. The National Oceanic
and Atmospheric Administration (NOAA) was
tasked with developing monitoring guidance for
coastal restoration practitioners whether they
be academics, private consultants, members
of state, Tribal or local government, non-
governmental organizations (NGOs), or private
citizens, regardless of their level of expertise.

To accomplish this task, NOAA has provided
guidance to the public in two volumes. The
first, Science-Based Restoration Monitoring of
Coastal Habitats, Volume One: A Framework
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for Monitoring Plans Under the Estuaries and
Clean Waters Act of 2000 (Public Law 160-
457) was released in 2003. It outlines the steps
necessary to develop a monitoring plan for any
coastal habitat restoration project. Volume One
briefly describes each of the habitats covered
and provides three matrices to help practitioners
choose which habitat characteristics may be
most appropriate to monitor for their project.
Experiencedrestoration practitioners, biologists,
and ecologists as well as those new to coastal
habitat restoration and ecology can benefit
from the step-by-step approach to designing a
monitoring plan outlined in Volume One.

Volume Two, Tools for Monitoring Coastal
Habitats expands upon the information in
Volume One and is divided into two sections
Monitoring Progress Toward Goals (Chapters
2-14) and Context for Restoration (Chapters
15-18). The first section, Monitoring Progress
Toward Goals includes:

e Detailed information on the structural and
functional characteristics of each habitat that
may be of use in restoration monitoring

* Annotated bibliographies, by habitat, of
restoration-related literature and technical
methods manuals, and

* A chapter discussing many of the human
dimensions  aspects  of  restoration
monitoring

The second section, Context for Restoration
includes:

e A review of methods to select reference
conditions

A sample list of costs associated with
restoration and restoration monitoring

e An overview of an online, searchable
database of coastal monitoring projects
from around the United States, and

* Areview of federal legislation that supports
restoration and restoration monitoring

The Audience

Volumes One and Two of Science-Based
Restoration Monitoring of Coastal Habitats
are written for those involved in developing
and implementing restoration monitoring
plans, both scientists and non-scientists alike.
The intended audience includes restoration
professionals in academia and private industry,
as well as those in Federal, state, local, and
Tribal governments. Volunteer groups, non-
governmental organizations, environmental
advocates, and individuals participating in
restoration monitoring planning will also find
this information valuable. Whereas Volume
One is designed to be usable by any restoration
practitioner, regardless oftheir level of expertise,
Volume Two is designed more for practitioners
who do not have extensive experience in coastal
ecology. Seasoned veterans in coastal habitat
ecology, however, may also benefit from the
annotated bibliographies, literature review, and
other tools provided.

The information presented in Volume Two
is not intended as a ‘how to’ or methods
manual: many of these are already available
on a regional or habitat-specific basis. Volume
Two does not provide detailed procedures that
practitioners can directly use in the field to
monitor habitat characteristics. The tremendous
diversity of coastal habitats across the United
States, the types and levels of impact to them,
the differing scales of restoration activities, and
variety of techniques used in restoration and
restoration monitoring prevent the development
of universal protocols. Thus, the authors have
taken the approach of explaining what one can
measure during restoration monitoring, why it
is important, and what information it provides
about the progress of the restoration effort.
The authors of each chapter also believe that
monitoring plans must be derived from the
goals of the restoration project itself. Thus,
each monitoring effort has the potential to be
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unique. The authors suggest, however, that
restoration practitioners seek out the advice of
regional experts, share data, and use similar data
collection techniques with others in their area
to increase the knowledge and understanding
of their local and regional habitats. The online
database of monitoring projects described in
Chapter 17 is intended to facilitate this exchange
of information.

The authors do not expect that every
characteristic and parameter described herein

will be measured, in fact, very few of them will
be as part of any particular monitoring effort.
A comprehensive discussion of all potential
characteristics is, however, necessary so that
practitioners may choose those that are most
appropriate for their monitoring program. In
addition, although the language used in Volume
Two is geared toward restoration monitoring,
the characteristics and parameters discussed
could also be used in ecological monitoring and
in the selection of reference conditions as well.



MONITORING PROGRESS TOWARDS GOALS

The progress of a restoration project can
be monitored through the use of traditional
ecological characteristics (Chapters 2 - 13) and/
or emerging techniques that incorporate human
dimensions (Chapter 14).

THE HABITAT CHAPTERS

Thirteen coastal habitats are discussed in twelve
chapters. Each chapter follows a format that
allows users to move directly to the information
needed, rather than reading the whole text as one
would a novel. There is, however, substantial
variation in the level of detail among the
chapters. The depth of information presented
reflects the extent of restoration, monitoring,
and general ecological literature associated
with that habitat. That is, some habitats such as
marshes, SAV, and oyster reefs have been the
subject of extensive restoration efforts, while
others such as rocky intertidal and rock bottom
habitats have not. Even within habitats there
can be considerable differences in the amount
of information available on various structural
and functional characteristics and guidance
on selecting parameters to measure them. The
information presented for each habitat has been
derived from extensive literature reviews of
restoration and ecological monitoring studies.
Each habitat chapter was then reviewed by
experts for content to ensure that the information
provided represented the most current scientific
understanding of the ecology of these systems
as it relates to restoration monitoring.

Habitat characteristics are divided into two
types: structural and functional. Structural
habitat characteristics define the physical
composition of a habitat. Examples of structural
characteristics include:

* Sediment grain size

»  Water source and velocity

* Depth and timing of flooding, and
» Topography and bathymetry

Structural characteristics such as these are
often manipulated during restoration efforts
to bring about changes in function. Functional
characteristics are the ecological services a
habitat provides. Examples include:

* Primary productivity

* Providing spawning, nursery, and feeding
grounds

* Nutrient cycling, and

* Floodwater storage

Structural characteristics determine whether or
not a particular habitat is able to exist in a given
area. They will often be the first ones monitored
during a restoration project. Once the proper set
of structural characteristics is in place and the
biological components of the habitat begin to
become established, functional characteristics
may be added to the monitoring program.
Although structural characteristics have
historically been more commonly monitored
during restoration efforts, measurements of
functional characteristics provide a better
estimate of whether or not a restored area is
truly performing the economic and ecological
services desired. Therefore, incorporating
measurements of functional characteristics
in restoration monitoring plans is strongly
encouraged.

When developing a restoration monitoring plan,
practitioners should follow the twelve-step
process presented in Volume One and refer to the
appropriate chapters in Volume Two (habitat and
human dimensions) to assist them in selecting
characteristics to monitor. The information
presented in the habitat chapters is derived from
and expands upon the Volume One matrices
(Volume One Appendix II).
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Organization of Information

Each of the habitat chapters is structured as
follows:

1. Introduction

a.
b.
C.

Habitat description and distribution
General ecology
Human impacts to the habitat

2. Structural and functional characteristics
a. Each structural and functional

characteristic identified for the habitat
in the Volume One matrices is explained
in detail. Structural and functional
characteristics have generally been
discussed in separate sections of each
chapter. Occasionally, some functions
are so intertwined with structural
characteristics that the two are discussed
together.

Whenever possible, potential methods
to measure, sample, and/or monitor
each characteristic are introduced or
readers are directed to more thorough
sources of information. In some cases,
not enough information was found
while reviewing the literature to make
specific recommendations. In these
cases, readers are encouraged to use the
primary literature cited within the text
for methods and additional information.

3. Matrices of the structural and functional
characteristics and parameters suggested for
use in restoration monitoring

a.

b.

These two matrices are habitat-specific
distillations of the Volume One matrices
Habitat characteristics are cross-
walked with parameters appropriate for
monitoring change in that characteristic.
Parameters include both those that
are direct measures of a particular
characteristic as well as those that are
indirectly related and may influence
a particular characteristic or related
parameter. Tables 1 and 2 can be used
to illustrate an example. The parameter
of salinity in submerged aquatic

vegetation is a direct measure of a
structural characteristic (salinity, Table
1). In addition, salinity is related to
other structural characteristics such as
tides and water source. Salinity is also
related to functional characteristics such
as biodiversity and nutrient cycling and
may be appropriate to include in the
monitoring of these functions as well
(Table 2). Experienced practitioners
will note that many characteristics
and parameters may be related to one
another but are not shown as such in a
particular matrix. The matrices are not
intended to be all inclusive of each and
every possible interaction. The matrices
provided and the linkages illustrated are
only intended as starting points in the
process of developing lists of parameters
thatmay beuseful inmeasuringparticular
characteristics and understanding some
of their interrelationships.

c. Some parameters and characteristics are
noted as being highly recommended for
any and all monitoring efforts as they
represent critical components of the
habitat while others may or may not
be appropriate for use depending on
the goals of the individual restoration
project.

4. Acknowledgement of reviewers
5. Literature Cited

Three appendices are also provided for each
habitat chapter. In the online form of Volume
Two, these appendices download with the rest of
the habitat chapter text. In the printed versions
of Volume Two, each chapter’s appendices are
provided on a searchable CD-ROM located
inside the back cover. Each appendix is
organized as follows:

Appendix I - An Annotated Bibliography

a. Overview of case studies of restoration
monitoring and general ecological studies
pertinent to restoration monitoring

b. Entries are alphabetized by author



CHAPTER 1: INTRODUCTION TO VOLUME TwO 1.7

Parameters to Monitor the Structural Characteristics of SAV (excerpt)
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Table 1. Salinity is a parameter that can be used to directly measure a structural component of
submerged aquatic vegetation habitats (Chemical/salinity). It is shown with a closed circle indicating
that it highly recommended as part of any restoration monitoring program, regardless of project goals.
A circle for salinity is also shown under the Tides/Hydroperiod and Water source columns as salinity
levels are related to these structural characteristics as well. (Entire table can be found on page 9.39.)

Parameters to Monitor the Functional Characteristics of SAV (excerpt)
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Table 2. Salinity is related to the functions of Supporting high biodiversity and Supporting nutrient
cycling. It is shown here with an open circle, denoting that it may be useful to monitor if monitoring of
these functions is important to the goals of the restoration project. (Entire table can be found on page
9.40.)

! Including organic matter content.
2 Dissolved oxygen.
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Appendix II - Review of Technical and Methods
Manuals

These include reviews of:

a. Restoration manuals

b. Volunteer monitoring protocols

c. Lab methods

d. Identification keys, and

e. Sampling methods manuals

Whenever possible, web addresses where
these resources can be found free of charge are
provided.

Appendix III - Contact information for
experts who have agreed to be contacted with
questions from practitioners

As extensive as these resources are, it 1S
inevitable that some examples, articles, reports,
and methods manuals have been omitted.
Therefore, these chapters should not be used
in isolation. Instead, they should be used as a
supplement to and extension of:

* The material presented in Volume One
» Resources provided in the appendices
» The advice of regional habitat experts, and

» Research on the local habitat to be restored

WHAT ARE THE HABITATS?

The number and type of habitats available in
any given estuary is a product of a complex
mixture of the local physical and hydrological
characteristics of the water body and the
organisms living there. The ERA Estuary
Habitat Restoration Strategy (Federal Register
2002) dictates that the Cowardin et al. (1979)
classification system should be followed
in organizing this restoration monitoring
information. The Cowardin system is a national

standard for wetland mapping, monitoring,
and data reporting, and contains 64 different
categories of estuarine and tidally influenced
habitats. Definitions, terminology, and the list
of habitat types continue to increase in number
as the system is modified. Discussion of such a
large number of habitat types would be unwieldy.
The habitat types presented in this document,
therefore, needed to be smaller in number,
broad in scope, and flexible in definition. The
13 habitats described in this document are,
however, generally based on that of Cowardin
etal. (1979).

Restoration practitioners should consider local
conditions within their project area to select
which general habitat types are present and
which monitoring measures might apply. In
many cases, a project area will contain more than
one habitat type. To appropriately determine the
habitats within a project area, the practitioner
should gather surveys and aerial photographs
of the project area. From this information, he
or she will be able to break down the project
area into a number of smaller areas that share
basic structural characteristics. The practitioner
should then determine the habitat type for
each of these smaller areas. For example, a
practitioner working in a riparian area may find
a project area contains a water column, riverine
forest, rocky shoreline, and rock bottom.
Similarly, someone working to restore an area
associated with a tidal creek or stream may
find the project area contains water column,
marshes, soft shoreline, soft bottom, and oyster
beds. Virtually all estuary restoration projects
will incorporate characteristics of the water
column. Therefore, all practitioners should read
Chapter 2: Restoration Monitoring of the Water
Column in addition to any additional chapters
necessary.
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Habitat Decision Tree

A Habitat Decision Tree has been developed to assist in the easy differentiation among the
habitats included in this manual. The decision tree allows readers to overcome the restraints of
varying habitat related terminology in deciding which habitat definitions best describe those in
their project area. Brief definitions of each habitat are provided at the end of the key.

1. a. Habitat consists of open water and does not include substrate (Water Column)
b. Habitat includes substrate (go to 2)
2. a. Habitat is continually submerged under most conditions (go to 3)
b. Habitat substrate is exposed to air as a regular part of its hydroperiod (go to 8)
3. a. Habitat is largely unvegetated (go to 4)
b. Habitat is dominated by vegetation (go to 7)
4. a. Substrate is composed primarily of soft materials, such as mud, silt, sand, or clay (Soft

Bottom)
b. Substrate is composed primarily of hard materials, either of biological or geological
origin (go to 5)

5. a. Substrate is composed of geologic material, such as boulders, bedrock outcrops, gravel,

or cobble (Rock Bottom)

. Substrate is biological in origin (go to 6)

. Substrate was built primarily by oysters, such as Crassostrea virginica (Oyster Reefs)

. Substrate was built primarily by corals (Coral Reefs)

. Habitat is dominated by macroalgae (Kelp and Other Macroalgae)

. Habitat is dominated by rooted vascular plants (Submerged Aquatic Vegetation -

SAV)

. Habitat is not predominantly vegetated (go to 9)

. Habitat is dominated by vegetation (go to 10)

9. a. Substrate is hard, made up materials such as bedrock outcrops, boulders, and cobble
(Rocky Shoreline)

b. Substrate is soft, made up of materials such as sand or mud (Soft Shoreline)

10. a. Habitat is dominated by herbaceous, emergent, vascular plants. The water table is at or

near the soil surface or the area is shallowly flooded (Marshes)
b. Habitat is dominated by woody plants (go to 11)

11. a. The dominant woody plants present are mangroves, including the genera Avicennia,
Rhizophora, and Laguncularia (Mangrove Swamps)

b. The dominant woody plants are other than mangroves (go to 12)

12. a. Forested habitat experiencing prolonged flooding, such as in areas along lakes, rivers,
and in large coastal wetland complexes. Typical dominant vegetation includes bald
cypress (Taxodium distichum), black gum (Nyssa sylvatica), and water tupelo (Nyssa
aquatica). (Deepwater Swamps)

b. Forested habitat along streams and in floodplains that do not experience prolonged
flooding (Riverine Forests)

oM o c

@
o ®
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Water column - A conceptual volume of water
extending from the water surface down to,
but not including the substrate. It is found
in marine, estuarine, river, and lacustrine
systems.

Rock bottom - Includes all wetlands and
deepwater habitats with substrates having an
aerial cover of stones, boulders, or bedrock
75% or greater and vegetative cover of
less than 30% (Cowardin et al. 1979).
Water regimes are restricted to subtidal,
permanently flooded, intermittently exposed,
and semi-permanently flooded. The rock
bottom habitats addressed in Volume Tiwo
include bedrock and rubble.

Coral reefs - Highly diverse ecosystems, found
in warm, clear, shallow waters of tropical
oceans worldwide. They are composed of
marine polyps that secrete a hard calcium
carbonate skeleton, which serves as a base
or substrate for the colony.

Oyster reefs - Dense, highly structured
communities of individual oysters growing
on the shells of dead oysters.

Soft bottom - Loose, unconsolidated substrate
characterized by fine to coarse-grained
sediment.

Kelp and other macroalgae - Relatively shallow
(less than 50 m deep) subtidal and intertidal
algal communities dominated by very large
brown algae. Kelp and other macroalgae
grow on hard or consolidated substrates
forming  extensive  three-dimensional
structures that support numerous plant and
animal communities.

Rocky shoreline - Extensive littoral habitats on
high-energy coasts (i.e., subject to erosion
from waves) characterized by bedrock,
stones, or boulders with a cover of 75% or
more and less than 30% cover of vegetation.
The substrate is, however, stable enough to
permit the attachment and growth of sessile
or sedentary invertebrates and attached
algae or lichens.

Soft shoreline - Unconsolidated shore includes
all habitats having three characteristics:

(1) unconsolidated substrates with less
than 75% aerial cover of stones, boulders,
or bedrock; (2) less than 30% aerial cover
of vegetation other than pioneering plants;
and (3) any of the following water regimes:
irregularly exposed, regularly flooded,
irregularly flooded, seasonally flooded,
temporarily flooded, intermittently flooded,
saturated, or artificially flooded (Cowardin
et al. 1979). This definition includes cobble-
gravel, sand, and mud. However, for the
purpose of this document, cobble-gravel is
not addressed.

Submerged aquatic vegetation (SAV; includes
marine, brackish, and freshwater) -
Seagrasses and other rooted aquatic plants
growing on soft sediments in sheltered
shallow waters of estuaries, bays, lagoons,
rivers, and lakes. Freshwater species are
adapted to the short- and long-term water
level fluctuations typical of freshwater
ecosystems.

Marshes (marine, brackish, and freshwater)
- Transitional habitats between terrestrial
and aquatic systems where the water table
is usually at or near the surface, or the
land is covered by shallow water tidally
or seasonally. Freshwater species are
adapted to the short- and long-term water
level fluctuations typical of freshwater
ecosystems.

Mangrove swamps - Swamps dominated
by shrubs (Avicenna, Rhizophora, and
Laguncularia) that live between the sea and
the land in areas that are inundated by tides.
Mangroves thrive along protected shores
with fine-grained sediments where the mean
temperature during the coldest month is
greater than 20° C; this limits their northern
distribution.

Deepwater swamps - Forested wetlands that
develop along edges of lakes, alluvial river
swamps, in slow-flowing strands, and in
large coastal-wetland complexes. They can
be found along the Atlantic and Gulf Coasts
and throughout the Mississippi River valley.
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They are distinguished from other forested
habitats by the tolerance of the dominant
vegetation to prolonged flooding.

Riverine forests - Forests found along sluggish
streams, drainage depressions, and in large
alluvial floodplains. Although associated
with deepwater swamps in the southeastern
United States, riverine forests are found
throughout the United States in areas that
do not have prolonged flooding.

THE HUMAN DIMENSIONS CHAPTER

The discussion of human dimensions helps
restoration practitioners better understand how
to select measurable objectives that allow for
the appropriate assessment of the benefits
of coastal restoration projects to human
communities and economies. Traditionally,
consideration of human dimensions issues has
not been included as a standard component
of most coastal restoration projects. Most
restoration programs do not currently integrate
social or economic factors into restoration
monitoring, and few restoration projects have
implemented full-scale human dimensions
monitoring. Although some restoration plans
are developed in an institutional setting that
require more deliberate consideration of human
dimensions impacts and goals, this does not
generally extend to the monitoring stage. It is
becoming increasingly evident, however, that
decisions regarding restoration cannot be made
solely by using ecological parameters alone but
should also involve considerations of impacts
on and benefits to human populations, as well.
Local communities have a vested interest in
coastal restoration and are directly impacted
by the outcome of restoration projects in terms
of aesthetics, economics, or culture. Human
dimensions goals and objectives whether
currently available or yet to be developed
should reflect societal uses and values of the
resource to be restored. Establishing these
types of parameters will increase the public’s
understanding of the potential benefits of a

restoration project and will increase public
support for restoration activities.

While ecologists work to monitor the restoration
of biological, physical, and chemical functional
characteristics of coastal ecosystems, human
dimensions professionals identify and describe
how people value, utilize, and benefit from the
restoration of coastal habitats. The monitoring
and observation of coastal resource stakeholders
allows us to determine who cares about coastal
restoration, why coastal restoration is important
to them, and how coastal restoration changes
people’s lives. The human dimensions chapter
will help restoration practitioners identify:

1) Human dimensions goals and objectives of
a project

2) Measurableparametersthatcan be monitored
to determine if those goals are being met,
and

3) Social science research methods, techniques,
and data sources available for monitoring
these parameters

This chapter includes a discussion of the diverse
and dynamic social values that people place on
natural resources, and the role these values play
in natural resource policy and management.
Additionally, some of the general factors to
consider in the selection and monitoring of
human dimensions goals/objectives of coastal
restoration are presented, followed by a
discussion of some specific human dimensions
goals, objectives, and measurable parameters
that may be included in a coastal restoration
project. An annotated bibliography of key
references and a matrix of human dimensions
goals and measurable parameters are provided
as appendices at the end of this chapter. Also
included, as an appendix, is a list of human
dimensions research experts (and their areas of
expertise) that you may contact for additional
information or advice.



CONTEXT FOR RESTORATION

The final four chapters of this manual are
designed to provide readers with additional
information that should enhance their ability
to develop and carry out strong restoration
monitoring plans. Chapter 15 reviews methods
available for choosing areas or conditions to
which a restoration site may be compared both
for the purpose of setting goals during project
planning and for monitoring the development
of the restored site over time. Chapter 16 is a
listing of generalized costs of personnel, labor,
and equipment to assist in the development
of planning preliminary cost estimates of
restoration monitoring activities. Some of this
information will also be pertinent to estimating
costs of implementing a restoration project as
well. Chapter 17 provides a brief description
of the online review of monitoring programs in
the United States. The database can be accessed
though the NOAA Restoration Portal (http://
restoration.noaa.gov/). This database will
allow interested parties to search by parameters
and methodologies used in monitoring, find
and contact responsible persons, and provide
examples that could serve as models for
establishment or improvement of their own
monitoring efforts. Chapter 18 is a summary
of the major United States Acts that support
restoration monitoring. This information will
provide material important in the development
of a monitoring plan. A Glossary of many
scientific terms is also provided at the end of
the document.
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INTRODUCTION

Submerged aquatic vegetation (SAV - referred
to as Aquatic Bed in Cowardin et al. 1979) is
a habitat created by vascular* plants that grow
below the surface of the water. The plants
are usually completely inundated throughout
the growing season. Some SAV habitats may
also contain a mix of open water and rooted,
floating-leaved, and short-emergent vegetation.
The distribution of SAV in a particular area
is dependent on water depth, turbidity, and
wave energy, the presence of grazers, and
characteristics of the sediment. Salinity can
also be important in tidal areas. Plant species
diversity is greater in freshwater SAV habitats
than marine habitats. Approximately 500-700
plantspeciesin 50 genera (Sculthorpe 1967) have
been cataloged for freshwater areas compared to
just 50 species in 12 genera for marine settings
(den Hartog, 1970 cited in Stevenson 1988).

SAV (freshwater, brackish, and marine) can
greatly alter the physical, chemical, and
biological nature of the water column that
supports them. Dense stands of SAV slow water
velocity, reducing turbidity and increasing
sedimentation and nutrient cycling. Through the
processes of photosynthesis and respiration of
SAV themselves, their attached epiphytes, and
the respiration of the animals they attract, SAV
beds can have a tremendous influence on the pH,
carbon dioxide (CO,), and dissolved oxygen
(DO) concentration of the water column (Wetzel
1983). Even in tidal areas, such as the Potomac

12205 Commonwealth Boulevard, Ann Arbor, MI 48105.
2 1305 East West Highway, Silver Spring, MD 20910.
3101 Pivers Island Road, Beaufort, NC 28516.

River, that are subject to strong physical mixing
forces, SAV can strongly influence DO, pH, and
temperature differences within the water column
of the bed at times of high biomass production
(Dale and Gillespie 1977; Carter et al. 1988).
The presence of SAV also increases the overall
productivity of the water column, compared to
unvegetated areas, as SAV brings nutrients up
from the sediment into the water column where
they can eventually be used by phytoplankton?.
SAV are often colonized by epiphytes (algae and
bacteria) that compete with their host plant for
light but may also provide a better food source
for herbivores than the host macrophytes®.
SAV also helps to increase the overall species
diversity of the area by creating low energy
microhabitats in what might otherwise be a
higher energy environment (Carpenter and
Lodge 1986 and literature cited therein).

The structural and functional characteristics
of SAV presented in this chapter have been
compiled using literature from studies in marine,
brackish, and freshwater habitats. While the
particular plant and animal species that inhabit
SAV habitats around the United States and its
protectorates are very different, many of the core
structural and functional characteristics and the
parameters and techniques used to monitor them
are quite similar. Light availability, turbidity,
water velocity, wave energy, sediment grain size,
basintopography, water source, hydroperiod, and
nutrient chemistry make up the main structural

4 Some non-vascular plants such as the algae muskgrass (Chara spp.) are also often considered SAV.

> Algae suspended in the water column.

¢ Literally means ‘large plants’. This term is often used as a general term for SAV since it incorporates both vascular

and non-vascular plants visible with the naked eye.
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characteristics of SAV beds and have similar
influences on plant communities regardless
of salinity’. In our review of the literature,
we found occasional gaps in the literature for
certain habitat types. By combining the literature
we are able to provide the reader with a more
comprehensive picture of all the characteristics
that may be relevant in a restoration monitoring
effort. As used in this chapter, the terms ‘SAV’
or ‘macrophytes’ refer to any submerged aquatic
vegetation in marine, brackish, or freshwater
settings. When information applies to a specific
type of SAV and is not generally applicable to
other forms, specific terms such as ‘seagrass’ or
‘freshwater SAV’ will be used. In addition, the
term ‘seagrasses’ is also used to refer to those
species found in higher salinities. The term
‘freshwater SAV’ includes those species that
are generally found in freshwater (salinity < 0.5
ppt) as well as brackish areas (salinity 0.5 to
18.0 ppt), as many species can tolerate a wide
range in salinity.

When preparing a restoration project and
associated monitoring program, practitioners
are encouraged to begin monitoring well
in advance of implementing a restoration
effort (i.e., collect baseline information). Pre-
restoration monitoring can be used to select
sites most conducive to successful restoration,
determine which species to plant, what depths
to plant at, which planting methods are most
appropriate, whether or not exclosures to limit
herbivory are needed, and what is the best time
of year to plant. Post-restoration monitoring
allows practitioners to document habitat
functions and gage progress toward project
goals. Without one or two years (or sometimes
more) of pre-restoration data on water quality
and the locations and abundance of any SAV
already growing in or near the restoration site,
practitioners cannot accurately evaluate post-
implementation project performance.

ORGANIZATION OF INFORMATION

Following the rest of the Introduction, the
primary structural characteristics of SAV
relevant to restoration monitoring are presented.
These characteristics will determine whether
or not SAV is able to grow in a particular area
or not and how well. Structural characteristics
will often be the first ones monitored during
a restoration project. Once the proper set
of structural characteristics is in place and
SAV are growing, functional characteristics
(covered later in the chapter) may be added
to the monitoring program. At the end of the
chapter, readers will find two matrices that will
help connect these structural and functional
characteristics to the actual parameters that can
be used to monitor them. Wherever possible,
parameters from this list have been used in the
text to help explain how they are used and any
potential problems with using them. Following
the discussion of each characteristic, sampling
suggestions or tips directing practitioners to
addition resources or examples are provided.
When selecting methods and equipment for a
monitoring project, careful consideration of
the project goals and data required to assess
them needs to take place before any equipment
is purchased. Local or regional experts can
assist in this process and should be consulted
as to the precise method and equipment that
could or should be used in any given location.
An annotated bibliography of restoration-
related SAV literature and a review of technical
methods manuals are provided in Appendices
I and II respectively to direct practitioners to
more detailed information as needed.

HUMAN IMPACTS TO SAV HABITATS

Various human activities impact the survival and
health of SAV populations and their ecological
communities. Examples of impacts include:

7 Salinity (in tidal areas) also helps determine which particular species can grow in a particular area and affects
many of the functional characteristics common to SAV habitats as well. Unless extremely high levels are reached,
however, salinity does not determine whether or not submerged aquatic vegetation can grow in an area.
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¢ Heavy-metals carried in run-off from urban
or industrial areas can be absorbed in plant
roots and sicken or kill the plants

* Siltation smothers plants and increases
turbidity

* Climate change causing erosion by rising
sea level, increased storms, and increased
ultraviolet irradiance

* Eutrophication increases the growth of algae
that competes with SAV

* Mechanical damage from fishing, anchoring,
and dredging as part of port or marina
construction and maintenance directly
removes SAV and increases turbidity,
starving the plants of light

e Oil spills (particularly seagrasses), and

e Salinity levels altered due to development
and associated changes in hydrology leading
to changes in species composition or even
death if levels get too high (Hervey Bay
Dugong and Seagrass Monitoring Program
1997; Duarte 2002)

Quantitative assessments of SAV loss are hard
to find as area estimates are simply not available
or, when present, combine SAV and marsh
habitats. A few regional examples, however,
can be used to illustrate the severity of losses. In
1938, about 715 ha of SAV habitat were present
in the Patuxent Estuary of the Chesapeake Bay.
By 1990, SAV beds had either been completely
destroyed or only small ephemeral beds were
present (Stankelis et al. 2003). As of 2003, the
Chesapeake Bay as a whole is estimated to have
lost approximately 68% of its seagrass acreage
(Blankenship 2004). In coastal wetlands along
Lake Erie from the Detroit River to Vermillion,
Ohio® marsh and associated SAV acreage was
reduced from 4,000 km? (1,544 mi?) in 1850 to
150 km? (58 mi?) by the late 1980’s (Herdendorf
and Krieger 1989).

Recreation and commercial watercraft can
also impact SAV beds and even lead to their

complete destruction (Sargent et al. 1995).
Propellers, anchors, trawl nets, and dredge
equipment can damage the leaves, stems and
roots of plants when dragged across the beds.
Boats passing through an area may disturb
sediments and increase turbidity or possibly
smothering plants completely (Hervey Bay
Dugong and Seagrass Monitoring Program
1997). Slow growing species such as turtle
grass (Thalassia testudinum) do not recover
rapidly after physical disturbance to rhizomes
(Zieman 1976). Rhizomes are often disturbed
by motorboat propellers, not through physical
damage but from resuspension of sediments.
The resuspension and removal of fine sediments
can reduce light levels and lower pH and Eh® of
the remaining sediment, thus altering conditions
that are suitable for seagrass growth. This type
of damage is common in shallow areas, between
islands and keys, and other areas where boat
traffic is high.

Oil spills can also impact SAV by reducing
primary productivity and changing associated
animal communities (Thorhaug et al. 1986).
Thorhaug et al. (1986) studied various
concentrations of oil on several seagrass species
that dominate the Atlantic subtropical Greater
Caribbean basin. The extent of impact varied
between seagrass species. While all species
tested showed reduced productivity, shoal
grass (Halodule wrightii) and Manatee grass
(Syringodium filiforme) were more vulnerable
to oil exposure, while turtle grass was more
tolerant. Oil spills can also impact other
components of the community that depend
upon seagrass habitats. For example, oil spills
can negatively affect, and in some cases kill,
juvenile fish and fish eggs. Fish moving through
seagrass habitats that were exposed to very high
concentrations of oils may experience acute
toxicity resulting in death. The actual level of
impact from oil spills varies depending on the
type and amount of oil and the plant or animal
species exposed.

8 Approximately 1/3 of the lake’s coastline on the U.S. side.
9 Redox potential, the ability of the soil to perform certain chemical transformations. Covered in detail in Chapter 10.
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Eutrophication, often caused by high nutrient
inputs from agricultural and urban runoff, is
another threat to SAV habitats (Duarte 2002).
High nutrient concentrations affect SAV by
causing epiphytes that cover the surface of
plants and phytoplankton in the water column to
grow rapidly, preventing sunlight from reaching
submerged macrophytes. As SAV growth
decreases the whole community may ultimately
be destroyed. Increases in certain nutrients such
as ammonium and nitrite can result in increased
mortality, stunting, decreased density, and shoot
patchiness for seagrasses such as posidon grass

(Posidonia oceanica) (Pergent-Martini et al.
1995).

Some of the most common impacts to SAV beds
have been the draining and diking of coastal
wetlands for agriculture, heavy industry, and
recreation (Jude and Pappas 1992; Edsall and
Charlton 1997). Such practices can completely
alter the hydrology and related functions of
these systems. Fish, for example, can be cut off
from historic spawning and nursery habitats.
In addition, material export and nutrient and
sediment dynamics can often become disrupted
(Wilcox 1995). Sediments and nutrients that were
historically filtered through coastal wetlands
are then discharged directly into estuaries and
other receiving water bodies. As a result, SAV
beds can be smothered and the water quality of
receiving bodies decreased (Minc 1998).

Water level management of some of the Great
Lakes and shoreline stabilization around
coastal development have also had an effect on
vegetation communities in coastal wetlands,
including SAV beds (Jude and Pappas 1992;
Wilcox 1995). Stabilizing water levels to
facilitate recreational and commercial shipping
concentrates the erosive energy of wind and
waves at one particular elevation along the
shoreline. Although aquatic vegetation can
dissipate erosive energy, prolonged erosion at
one elevation can eventually overpower SAV

and wash it away, leaving shoreline sediments
unprotected. In addition, armoring both marine
and GreatLakescoastlineswithripraporseawalls
to protect urban or residential development only
directs the erosive energy of waves downward
(Johnson 1991; Tsai et al. 1998; Davis and
Streever 1999), leading to the erosion of plants,
less mobile animals, sediments, seed banks,
and reducing the possibility of regeneration of
aquatic vegetation.

RESTORATION EFFORTS

Various coastal restoration projects have been
initiated throughout the United States in an
effort to increase the amount of SAV acreage
and maintain SAV functions in support of
coastal ecosystems (Fonseca 1992; Fonseca et
al. 1998). Restoration can be done by taking
transplants from healthy habitats, using seeds or
other propagules, or by natural recolonization
once the habitat has suitable environmental
conditions (Fonseca 1992; Granger et al. 2002).
Transplanting SAV can be very successful if
the habitat requirements of SAV are also met.
Examples of successful seagrass projects using
eelgrass (Zostera marina) include projects by
Thayer et al. (1985) and Orth et al. (1999).
In both projects, restoration efforts involved
transplanting shoots with rhizomes by hand into
the sediment. Eelgrass habitats were successfully
restored based on significant increases in
percent cover and shoot density. In addition, the
abundance ofanimalsalsoincreasedsignificantly
in these areas. Transplanting individual plants
by hand, however, can be time consuming and,
unless plants are separately grown for the task,
requires that plants come from donor areas.
Thus impacting these areas as well. The use
of seeds and vegetative propagules in marine
and freshwater habitats can also be used to re-
introduce SAV to new areas without some of the
constraints of using transplants alone (Orth et
al. 1994; Lundholm and Simser 1999; Rybicki
et al. 2001; Granger et al. 2002).
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Restoration practitioners interested in learning
more about specific SAV restoration projects can
findthematNOAA’s Restoration Centerdatabase
of restoration projects. This online, searchable
database can be used to help those interested
in planning a restoration project contact others
in their area and share information. Individual
projects or a description of all restoration
efforts in the database can be downloaded from:

http://restoration.noaa.gov/. The Environmental
Protection Agency also maintains a restoration
project database at http://yosemite.epa.gov/
water/restorat.nsf/rpd-2a.htm. This database,
however, is not exclusively devoted to coastal
habitat restoration projects and includes
descriptions for restoration projects in inland
waterways and terrestrial habitats as well.


http://restoration.nos.noaa.gov/htmls/rpi_query/rpi_query.html
http://yosemite.epa.gov/water/restorat.nsf/rpd-2a.htm
http://yosemite.epa.gov/water/restorat.nsf/rpd-2a.htm

STRUCTURAL CHARACTERISTICS OF SUBMERGED

AQUATIC VEGEGATION

Habitat restoration is the process of re-
establishing a self-sustaining habitat that closely
resemblesanatural conditioninterms of structure
and function (Pinit and Bellmer 2000). In order
to improve restoration efforts and sustain SAV
communities, one must consider site selection,
which species to plant, the type of propagules
to use, the proper care and handling of plant
material, the ecological functions performed by
the habitat, and any social and economic values
associated with it. When planning a program
to monitor a restoration effort, however, one
of the first steps is to understand the basic
structural characteristics of the system and their
relationship to project goals. For SAV, these
basic structural characteristics include:

Biological
* Habitat created by plants

Physical

* Light availability

e Turbidity

* Temperature

¢ Sediment
- Grain size
- Nutrient concentration
- Organic matter

* Topography/Bathymetry
- Geomorphology
- Elevation/Slope

Hydrological

e Current velocity

e Water sources

*  Wave energy, and

* Tidal regime or hydroperiod

Chemical
e Salinity
e Nutrient concentration

Since the physical, hydrological, chemical
characteristics of an area determine where SAV
can grow; practitioners must first monitor these
structural characteristics to ensure conditions
are suitable for SAV restoration. Once plants are
established, the focus of monitoring can change
to the functions SAV habitats perform such
as providing fish habitat and improving water
quality. This change in monitoring focus from
structural to functional characteristics as the
restoration matures, dictates where monitoring
will take place. Pre-restoration monitoring, to
determine baseline conditions, will often occur
in areas where SAV is absent or degraded.
Post-restoration monitoring will occur within
and above the SAV bed with results compared
to associated, unvegetated areas or other
reference conditions!? to show the effects of the
restoration. The focus of this section is on the
structural characteristics of SAV, examples of
parameters that can be used to measure these
structural characteristics are also provided. A
more complete list of suggested parameters
for monitoring the structural characteristics of
SAV can be found at the end of this chapter and
in abbreviated form in Volume One. Sampling
methods for suggested parameters can be found
using resources in the second appendix of
this chapter the Review of Technical Methods
Manuals.

BIOLOGICAL
Habitat Created by Plants

SAV beds provide important feeding,
spawning, and nursery grounds for fish, aquatic
invertebrates, and many species of waterfowl
(Wilcox and Whillans 1989; Wilcox 1995).
The ability of a particular SAV bed to perform
these functions depends upon the architecture,

10'See Chapter 15 for a discussion of methods to selection reference conditions for restoration monitoring programs.
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diversity, and density of the plant species present
(Orth et al. 1983). A few examples of common,
dominant species, the types of habitat created
by seagrasses and other SAV, and how those
habitats are used by various animal species,
are provided here. A more thorough description
of habitat-related functions and methods to
monitor animal use of SAV habitats is given in
the Functional Characteristics section below.

Seagrasses

Seagrasses are very productive vascular plants
that provide habitat for many other marine plant
and animal species such as epiphytes, crabs, fish,
and benthic invertebrates. Although seagrasses
are found in a variety of locations throughout
the coastal United States, southern Florida
with 14,633 km? of seagrasses is home to one
of the largest beds in the world (Fourqurean
2002). These flowering plants typically grow
in soft sediments submerged in shallow waters
of estuaries, bays and lagoons. Some species of
surfgrass (Phyllospadix spp.), however, attach
to rocky habitats on the Pacific coast. Seagrass
ecosystems also protect coastal shorelines
and improve water quality. Many species of
seagrass have extremely wide ranges and are
found throughout the world. A few examples of
seagrass species and their geographic range are
given below. This list is only of a few examples
of common species and is by no means a
complete listing, many other species are also
found throughout the coastal areas of the United
States and its protectorates (Hemminga and
Duarte 2000; Green and Short 2003).

Eelgrass (Zostera marina) North Atlantic,
Mediterranean Sea, western and eastern
Pacific

Shoal grass (Halodule wrightii) Caribbean

Turtle grass (Thalassia testidinum)
Caribbean

Dwarf eelgrass (Zostera japonica)
temperate west Pacific

Manatee grass (Syringodium filiforme)
Caribbean

Johnson’s seagrass (Halophila johnsonii)
coastal waters of southeastern Florida

Surfgrass (Phyllospadix japonicus)
temperate west Pacific

Other plants that may be present in seagrass
habitats can include Caulerpa taxifolia,
an invasive, marine, green algae found in
the Mediterranean Sea and off the coast of
California. Caulerpa spreads by fragmentation
as pieces of the plant break off and become
established in new areas. This species is able to
dominate seagrass habitats by secreting a toxic
substance that prevents sea urchins and other
large herbivores from feeding on it. As a result,
it is able to out-compete native seagrasses
to the detriment of fisheries and other marine
organisms dependent upon seagrass habitats
(Williams and Grosholz 2002).

Freshwater SAV

Submerged species that dominate freshwater
areas include the algae muskgrass (Chara spp.)
and vascular plants such as:

Pondweeds (Potomageton spp.)

Waterweed (Elodea spp.)

Naiads (Najas spp.)

Bladderworts (Utricularia spp.), and

Coontails (Ceratophyllum spp.) (Cowardin
et al. 1979)

Some species such as Sago pondweed (Stuckenia
pectinata) are also tolerant of brackish conditions
up to 20 ppt. Invasive species such as Eurasian
water-milfoil (Myriophyllum spicatum hereafter
milfoil) and Hydrilla verticillata'' (hereafter
hydrilla) are also common in many freshwater
and brackish systems. These non-native species

I Exotic species such as milfoil and hydrilla were once considered nuisances and subject to extensive control
measures but are now generally tolerated in the mid-Atlantic region (Orth, 1994). This may have more to do
with the inability to establish native species in these areas than a new found love for these exotics. A similar
phenomenon is occurring in marshes on the coast of Louisiana with Phragmites australis. In addition, some
invasives such as milfoil have started to naturalize and cause less disturbance than before. Methods to eradicate
invasives can also be extremely damaging to native plants as well.
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can form dense canopies preventing most other
species from growing in an area. They can be a
nuisance to boaters and swimmers and can alter
the structure and diversity of habitat available
to fish, invertebrates, and waterfowl.

Freshwater SAV beds can often have much
greater structural complexity than marine
systems. This is due to the greater diversity of
plant species adapted to freshwater conditions
and to lower amounts of physical energy
found in freshwater areas compared to marine
environments. Lower tidal and wave energy in
freshwater habitats means less stress for plants.
Freshwater SAV can therefore contribute less
energy to root structures and repairing damage
than marine species typically need to (Stevenson
1988) and put more energy into above-ground
growth where it can be more readily utilized
by other organisms. Due to increased stress
associated with tides and waves, marine species
typically have basal growth!2, ribbon-like or
roseate leaves and grow in ‘meadows’ lower in
the water column (Figure 1). Many freshwater
species, on the other hand, have a more complex,
dissected leaf structure, apical'® growth, and

i h/l'/ Ld \ 1 o v ANV v -
Figure 1. This lush meadow of ribbon-like seagrass
from the Philippines consists mostly of Thalassia
hemprichii and Syringodium isoetifolium. Photo
courtesy of Ronald C. Phillips, NOAA Coastal
Services Center.

lie on or reach near the surface of the water
to maximize photosynthesis'4 (Wetzel 1983;
Stevenson 1988). This leads to the formation
of complex underwater canopies in freshwater
SAV beds much like those of terrestrial forests
(Stevenson 1988). This structural complexity
increases the number and types of habitats
available to fish and invertebrates.

The presence and abundance of all SAV
communitiescanbeextremely variableovertime.
Dominant species and entire plant communities
can appear and disappear in response to changes
in structural characteristics such as upstream
land use, climate, water quality, exotic species
introductions, disease, herbivores, sediment
deposition, and turbidity (Bates and Smith 1994;
Carter and Rybicki 1994; Titus 1994). This high
level of natural variation in SAV communities
highlights the need for monitoring reference
sites in conjunction with restoration projects to
determine which post-restoration observations
result from restoration activities and which are
caused by natural variability beyond the control
of the restoration practitioner.

Seeds and other propagules

One characteristic of SAV that may be of use
in restoration projects is their tendency to grow
from vegetative propagules as well as from seed.
Vegetative propagules such as dislodged plants,
stems, rhizomes, and tubers may be carried into
new areas with currents, settle on the sediment,
and become established. For example, Rybicki
et al. (2001) studied the availability and
survivability of SAV propagules in freshwater
tidal areas of the Potomac River. They found
that some unvegetated areas were subject to a
relatively consistent supply of propagules and
seeds from adjacent or upstream areas. Due to
poor water quality, improper sediment grain
size, or low nutrient availability, plants did not
always become established in areas so supplied.
Knowing where propagules are naturally

12 Apical growth can also occur in some species, often during flowering.

13 From the tips of the plants.

14 Wild celery, a common freshwater plant, is an exception to this pattern of growth as it has ribbon-like leaves and

basal growth.
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available could help guide the selection of sites
for restoration projects (Rybicki et al. 2001). In
areas that have an existing supply of propagules
but where plants have not become established,
other factors such as poor water quality or
sediment nutrient concentration may be limiting
SAV growth. These areas should not be the
focus of additional planting efforts as plants are
unlikely to survive until factors limiting growth
can be addressed. In unvegetated areas without
an existing source of propagules but with
sufficient light and nutrient availability for SAV
to grow, planting may be an appropriate way to
bring about a successful restoration (Rybicki et
al. 2001).

Another freshwater example comes from a
SAV regeneration study in Cootes Paradise,
a Great Lakes coastal marsh on the Canadian
shore of Lake Ontario (Lundholm and Simser
1999). Submerged vegetation in the area had
been repressed by the presence of carp foraging
for plant tissues and associated increases
in turbidity. Once carp were excluded from
the system, dense beds of SAV regenerated
despite the fact that earlier seedbank studies
had shown little viable seed present in the
sediment (Whillans 1996; Westcott et al. 1997).
Perennial SAV species had regenerated through
vegetative structures buried in the sediment that
had not been previously observed. Although
little is known about the longevity, viability, or
species diversity of these vegetative structures
(Lundholm and Simser 1999), they may provide
a cost effective means of revegetating an area
without new planting. Species composition
in these regenerated areas may, however, be
skewed to those plants that are more tolerant of
disturbance and/or have longer-lived vegetative
propagules. Depending on the goals of the
restoration project, the regeneration of species
with these characteristics may or may not be
acceptable. In any event, this study provides an
excellent example of a successful restoration
project where the cause of degradation (i.e.,
carp) was eliminated, allowing the system to
regenerate on its own.

In marine areas, seagrasses rely on both
vegetative growth (through rhizome elongation)
and propagation from seedlings to maintain and
expand existing beds and colonize new areas.
Seeds of some species such as eelgrass, however,
do not travel far (less than a few meters) before
settling out and becoming incorporated in the
sediment (Orth et al. 1994). Seeds from eelgrass
plants and other similarly heavy-seeded species
can be collected and stored for use in restoration
projects (Granger et al. 2002).

Sampling

Sampling some characteristics of SAV such as
percent cover, stem density, or productivity can
be challenging. In areas where plants do not grow
all the way to the water’s surface and sufficient
light is available, divers can collect information
on species presence and percent cover (Figure
2). Diving or snorkeling in areas where plants
form a complete canopy to the surface of
the water, however, is not recommended as
swimmers and equipment can become seriously
entangled. In these situations, it may be possible
to estimate percent cover from the surface with
the use of a glass bottom boat or a ‘fish eye’!°.
Both of these methods eliminate the glare off
the surface of the water and make it easier
to see the plants and animals below. When

Figure 2. A diver sampling a seagrass bed. Photo
courtesy of NOAA Center for Coastal Monitoring
and Assessment, Silver Spring, MD.

15 Also called an aqua scope, it is a large, hollow tube with a piece of glass on one end that is placed in the water.
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Figure 3. Searching for SAV in the Tred Avon River
with a bamboo shrub rake. Part of an annual Bay-
wide ground-truthing effort. Photo from the NOAA

Photo Library.

plant samples are needed for identification or
estimating productivity!®, divers can cut plants
or plants can be collected with a rake (Figure 3)
or with a grab sampler (Dromgoole and Brown
1976). Readers interested in specific methods to
monitor vegetative characteristics are referred
to the second appendix of this chapter, a Review
of Technical Methods Manuals.

PHYSICAL
Light Availability

Light availability is the single greatest factor
affecting SAV growth (Carter and Rybicki
1990; Carter and Rybicki 1994). Knowing the
amount of light available at different depths
allows practitioners to select those depths at
which certain species can be planted (Miller and
McPherson 1995). The amount of light available
to SAV is affected by a variety of inter-related
phenomena!” including:

* Tidal regime
*  Hydroperiod
* Day length

*  Cloud cover

e Nutrient loads

¢ Suspended sediment and particulate loads
* Dissolved organic material

* Chlorophyll-a concentration in the water
column

* The presence of epiphytes growing on SAV
* The amount of fetch, and

* The frequency of large storms (Carter and
Rybicki 1994; Orth 1994)

SAV growth in response to light availability
varies by species and location. Generally
somewhere between 5% and 25% of the amount
oflightavailable at the water’s surface isrequired
for SAV to grow. Bulthuis (1983) reviewed the
light requirements of freshwater and marine
SAV and found that the minimum amount of
light required for growth and survival ranged
from 5% to 15% of the total amount of light
available at the water’s surface. If measured
precisely, this corresponds to approximately
100 — 250 pE m2 s * (Carter and Rybicki 1990
and literature cited therein). Other researchers
found that seagrasses needed 15% - 25% of
light available at the water’s surface to survive
(Kenworthy and Haunert 1991; Dennison et al.
1993). In a study of subtropical and tropical
waters, Fourqurean et al. (1995) found that
turtle grass dominated waters where the percent
of light at the surface was greater than 10% and
shoal grass dominated darker areas where the
percent of light was less than 10% of that at the
surface.

By measuring the amount of light available,
practitioners can also assess whether or not
their plants are receiving enough light or if
other factors might be responsible for poor
plant performance. In a study of the growth
and survival of transplanted eelgrass and
environmental conditions in a southwestern
tributary of the Chesapeake Bay, Moore et
al. (1996) observed no long-term survival of

16 Methods to measure productivity are discussed in the Functions section below.

17 Monitoring of these parameters, in conjunction with measurements of available light may help practitioners better
interpret their light availability data and discover cause-and-effect relationships impacting a restoration project.

* Irradiance is measured in units called einsteins. In English, the notation given here translates to 100 — 250 micro
einsteins per square meter per second. Most quantum sensors provide output in einsteins.
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transplants at any restored sites. Transplants
died due to high turbidity and associated low
light levels. Maintaining good water clarity
and quality is critical to long-term eelgrass
survival and successful recolonization (Moore
et al. 1996). This highlights the need to obtain
pre-restoration monitoring data to ensure that
conditions are conducive to SAV establishment
and growth before placement of additional plant
materials is attempted (Batiuk 1992; Batiuk et
al. 2000).

Turbidity

Although not a direct measure of all light
available for photosynthesis, turbidity does
affect the amount of light available to SAV.
Thus helping to determine the presence and
abundance of plants. Turbidity is a combination
of:

* The color of the water, which changes
with varying amounts of dissolved organic
matter

* The concentration of suspended sediments
and particles, and

* Theconcentrationofphyto-andzooplankton,
which also varies seasonally (Sculthorpe
1967)

Many freshwater SAV plants are canopy
formers and have the ability to morphologically
adapt to conditions of high turbidity and low
light availability. Under these conditions, some
plants such as milfoil and hydrilla elongate
more quickly in an attempt to reach higher in
the water column where light availability is
greater (Barko and Smart 1981a; Barko et al.
1991). Other common dominant plants such
as wild celery (Vallisneria americana) do not
elongate rapidly under low light circumstances
(Barko et al. 1991). For restoration purposes
then, wild celery may not be the best choice
for planting in areas with high turbidity and
low light availability. Many canopy formers
(including milfoil and hydrilla), however, are
exotic in the United States and thus should not

be used in restoration projects. A native canopy
former that has been planted with success in
some Chesapeake Bay projects is redhead grass
(Potamogeton perfoliatus).

Changes in land use from forested to agriculture
or urban cover types can lead to increases
turbidity and changes in the species composition
of SAV beds (Minc 1998). Native, canopy-
forming plants such as waterweed and pondweed
are intolerant of high turbidity. Plants such as
coontail, milfoil, and hydrilla are well adapted
to turbid conditions and displace less tolerant
species (Minc 1998). These changes in dominant
vegetation change the vertical structure of the
habitat available to invertebrates and fish and
thus alter faunal species composition (Wilcox
and Meeker 1992; Brazner 1997; Grenouillet
and Pont 2001; Valley and Bremigan 2002).

In addition to increases in turbidity caused by
humans, animals can also affect the amount
of turbidity and light available for SAV. Filter
feeders, such as mussels and oysters, can help
keep turbidity levels low to the benefit of SAV.
For example, one of the effects of the invasive
zebra mussel (Dreissena polymorpha) in the
Great Lakes has been an increase in the amount
of submerged aquatic vegetation in shallow areas
such as Saginaw Bay (Skubinna et al. 1995). As
the mussel colonies filter out vast quantities of
suspended organic matter, the water gets less
turbid and light is able to reach greater depths,
thus providing energy for photosynthesis to
a larger area of the lake bottom than before
(Knapton and Scott 1999). The loss of historical
oyster populations in the Chesapeake Bay has
been linked to increased turbidity and the decline
of SAV in the Bay. Other species, such as the
common carp, can stir up sediments through
their feeding behavior, also increasing turbidity
and limiting the amount of light available to
SAV (Wilcox 1995).

The duration of high turbidity levels can also
affect SAV growth. In a study comparing
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two locations on a Chesapeake Bay tributary
where seagrasses were planted, Moore et al.
(1997) found that turbidity levels were low
during winter at both upriver and downriver
locations and eelgrass was growing well. After
eight months of continuous growth, however,
eelgrass transplants at the upriver site declined
and eventually died as turbidity increased
during summer months. Interestingly, turbidity
increases on the downriver site were more severe
but of shorter duration than at the upriver site
and transplants survived. Plants were apparently
able to tolerate very high yet short-term pulses
of turbidity but more moderate increases in
turbidity over longer periods of time resulted in
the loss of vegetation (Moore et al. 1997).

Submerged aquatic vegetation not only benefits
from low turbidity but it helps to maintain it by
reducing water velocity, thus promoting settling
of suspended solids, and through a complex
relationship with phyto- and zooplankton. The
effect SAV has on phytoplankton concentration
comes from the lowering of water velocity!®
and by providing refuge for zooplankton that
feed on phytoplankton (Jones 1990). When
fish that feed on zooplankton are not present,
small phytoplanktivores such as the freshwater
Daphnia live out in the water column,
feeding on suspended phytoplankton. When
zooplanktivorus fish are present, however,
zooplankton hide in the complex canopy created
by SAV (Daldorph and Thomas 1995; Perrow et
al. 1999). These relationships are discussed in
greater detail in separate sections on invertebrate
and fishuse of SAV asrefuge and feeding grounds
in the Functional Characteristics section of this
chapter below.

Sampling

PAR - The amount of light available for
photosynthesis can be directly measured as
photosynthetically available radiation (PAR)
or indirectly by measuring turbidity or water
clarity. PAR is the portion of visible light

between 400 and 700 nm (Kirk 1994). The exact
wavelengths used for photosynthesis will vary
among different species. PAR can be measured
using a device called a quantum sensor at the
water surface and throughout the water column
to determine how much light is absorbed by the
water column and is then left available for SAV
growth (Miller and McPherson 1995; Batiuk et
al. 2000). Quantum sensors can be connected
to dataloggers!® and left in place allowing for
the continuous measurement of PAR over time.
This has the benefit of measuring random events
such as storms or large river flows that can
temporarily increase turbidity and that might
be missed with less-frequent, manual sampling.
For continuous deployments, a spherical (4 Pi)
PAR sensor must be used to reduce fouling from
settling sediments, while for measurements
taken by lowering the sensor from a boat or pier,
a flat (2 Pi) sensor is normally used to minimize
the amount of light reflected off the boat that
reaches the sensor. PAR measurements made
by the two types of sensors are not directly
comparable because they receive light from
different angles. Estimates of light extinction
(see equation below) that result from PAR
measurements will also vary depending on the
depths at which measurements are taken. There
is no known single agreed protocol for the
depths at which PAR is measured.

PAR can also be measured manually at various
depths by using Beer’s law (Carr et al. 1997):

PAR=1 * e

Where I equals PAR at the surface, k is the light
extinction coefficient of the water and associated
dissolved material, and z is the depth. Unless
referenced to mean tidal level (see chapter 8 in
Batiuk et al. 2000), continuous monitoring of
water level fluctuation in tidal and Great Lake
areas subject to seiches may be required if
PAR is to be determined in this manner. These
hydrodynamic processes change a key input to
the equation, depth (z). They may also affect

18 Moving water helps keep phytoplankton suspended in the water column.
19 An electronic device that continually records data over time.
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values for k£ as well by changing the amount
and type of dissolved material in the water, thus
requiring additional monitoring of dissolved
materials over time.

Turbidity - A simple, inexpensive way to
measure turbidity is with a secchi disc, a
weighted black and white circle, typically made
of plastic, lowered slowly from the shady side?®
of a boat or dock (Figure 4). As light travels
through the water column, it is absorbed or
scattered by suspended and dissolved material.
The remaining light reflects off the secchi disc
and travels back through the water column where
more is absorbed. The light that remains is what
we see as the disc?!. As the disc is lowered in
the water, it gets harder to see as more of the
light is absorbed. The depth at which the disc
disappears from sight, is the depth at which all
the light is being absorbed as it passes down
and back up through the water column. This
is recorded as the secchi disc depth (Tyler
1968). The frequency of using a secchi disk
to sample turbidity should account for tidal

Figure 4. Lake Springdfield water volunteer demon-
strates the use of a Secchi disk. Photo courtesy
lllinois EPA. http://www.epa.state.il.us/gallery/lake-
monitoring.

20 To avoid glare off the water’s surface.

regime and hydroperiod and include post-storm
measurements whenever possible as these will
affect water depth and clarity. More precise,
electronic methods for measuring turbidity are
also commercially available.

Temperature

Water temperature, in part, determines the
growing season for SAV and thus determines
when SAV habitats should be monitored.
Temperature also controls the rate at which
chemical reactions take place and can thus
affect primary productivity and plant species
composition (Kirk 1994). Most plants and
animals have a specific temperature range
within which they perform most efficiently.
As temperature deviates from the optimum,
performance decreases (Thornton and Lessem
1978; McFarland and Barko 1987). Although
chemical reactions take place at a faster rate at
warmer temperatures and should theoretically
increase productivity, extreme heat, as can
occur in shallow areas with black sediments,
may lead to metabolic stress, and reduce
productivity. Colder climates or areas with
strong, cold groundwater discharge may also
experience reduced productivity (Wilcox 1995).
Species temperature preferences may also
change seasonally or geographically (Madsen
and Adams 1989). This highlights the need for
plant propagules and animals introduced as part
of a restoration project to come from as local
a source as possible since local populations
should be best adapted to local environmental
conditions.

Changes in weather patterns from one year to
the next can also affect species presence or
abundance. Some freshwater species such as
the invasive hydrilla require high temperature
and light availability during the spring when the
dominant growth pattern for the plant is prostrate
along the sediment. If spring temperatures
are too low or turbidity too high during this
period, hydrilla does not grow enough to come

21 Sunglasses should NOT be worn while taking a secchi disc measurement.
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to dominate the canopy later in the summer
(Carter and Rybicki 1994). Relationships of this
sort, however, have not been worked out for all
SAV species.

Dense beds of SAV in areas with low water
velocity have been shown to help set up strong
vertical temperature gradients in inland lakes
(Dale and Gillespie 1977; Wetzel 1983) and
in shallow, coastal arcas of the Great Lakes
(Suzuki et al. 1995). The ability of SAV to
influence temperature in tidal areas, however, is
not as clear. Some researchers have shown that
temperature differences do exist within dense
beds of SAV particularly during the warmest
part of the day (Carter et al. 1988). Carter et al.
(1988) and Carteretal. (1991) found temperature
gradients throughout the water column to be as
much as 5°C. Water temperatures at the surface
tended to be higher within areas of SAV than in
adjacentunvegetated areas. Bottomtemperatures
in vegetated areas, however, were much more
variable compared to unvegetated areas. Jones
(1990), however, found no vertical temperature
differences in SAV beds in tidal areas. Although
the relationship between tides, wind, available
sunshine, and SAV is not completely understood
(Carter et al. 1991), it seems likely that in areas
with strong tidal exchange, the ability of SAV
to limit mixing and set up vertical temperature
gradients is much lower than in areas with
weaker tides.

Sampling

A variety of manual and electronic methods are
commercially available to measure temperature.
If only temperature needs to be recorded as
part of a study, small, inexpensive temperature
loggers can be used inside waterproof cases.

Sediment

Grain size

The physical and chemical characteristics of
sediments directly affect wetland vegetation

and organisms inhabiting the area. SAV in turn
affects local sediment characteristics by slowing
current velocity and increasing the deposition
of suspended sediments. In areas that are prone
to flooding and/or large storms, sediment grain
size and associated nutrient concentrations
may change from time to time as sediments
are moved into and out of an area. Conditions
may temporarily arise that are conducive or
detrimental to SAV growth and indeed SAV
populations have been shown to fluctuate
greatly over time in relation to these events
(Orth and Moore 1984; Carter and Rybicki
1986; Bates and Smith 1994; Nichols 1994;
Titus 1994). In SAV habitats where sediment
accretion is rapid (such as coastal Louisiana) or
where sediment accretion is a primary goal of
restoration, sediment grain size or bulk density
can be measured to determine whether or not the
rooting medium for SAV is adequate for plant
establishment. In areas that are not exposed to
relatively rapid changes in sediment level, these
sediment characteristics may not need to be
monitored after the initial assessment of their
condition for plant species selection purposes.

Koch (2001) compiled a list of common SAV
species and their known preferences for percent
silt and clay (i.e., fines) in sediment. She found
that SAV grew in a wide range of % fines from
0.4% to 72%. Freshwater species tended to
prefer a greater percentage of fines than did
marine species. Koch along with Barko and
Smart (1986) theorize that this has more to
do with sediment geochemical processes such
as oxygen concentration, chemical diffusion,
or the build up of toxic sulfides in anaerobic
marine sediments?? than simply the physical
characteristics of the sediment.

Nutrient concentration in sediment
porewater

Submerged plants obtain most of their
nutrients (i.e., nitrogen and phosphorus) from
the sediments where concentrations of these
nutrients are typically higher than in the water

22 Sulfide accumulation is not a common characteristic of freshwater areas.
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column (Carignan and Kalff 1980; Barko and
Smart 1981b). Phosphorus, for example, binds
to the surface of organic matter and mineral
sedimentsin the presence of oxygen. Inanaerobic
environments, such as wetland sediments,
phosphorus becomes soluble and available for
uptake by plants (Mortimer 1941; Mortimer
1942). Nitrogen, in the form of ammonia, is also
more readily available in anaerobic sediments
than from the more oxygenated water column.

Sediment types (organic, sand, silt-clay, and
rock) vary in level of nutrient availability,
contributing to the establishment of different
plant communities (Kiorboe 1980). Sediments
dominated by silts and clays, for example,
are typically nutrient rich. Sandy sediments
or bedrock areas are typically nutrient poor.
Sediments with high concentrations of organic
matter may be rich or poor depending on the
local hydrodynamics and mineral sediment
content. Areas prone to large storms or
flooding events that change sediment grain
size and associated nutrient concentration may
also exhibit variability in the presence and
abundance of SAV (Terrell and Canfield 1996).
Areas with sandy sediments may have nutrient
concentrations that are too low for SAV to
become successfully established. In these areas,
itisnotrecommended that additional nutrients be
added to the water column (since SAV typically
does not get a majority of its nutrients from the
water column) nor should nutrients be added to
the sediment since sandy sediments do not have
the ability to hold nutrients for plant use and
nutrients could simply be leached away.

Organic matter

Organic matter accumulates in SAV areas
through deposition of fine sediments as a result
of lowered water velocities and through the
production and burial of rhizomes and roots
(Koch 2001). A vast majority of healthy SAV
beds are limited to areas with a percent soil
organic matter below 5% dry weight (Koch
2001). The mechanism behind the limitation
has not been completely explained but the

relationship is clear. She recommends that
SAV not be planted in areas with organic
matter content higher than 5% until additional
studies have been completed to better explain
the mechanism behind this relationship and
methods are developed to overcome it. Barko
and Smart (1986) also found that SAV grew
poorly in low-density, high organic soils and
also in high-density, sandy sediments. The poor
growth in sandy sediments has been generally
attributed to the nutrient-poor nature of sandy
sediments (Kiorboe 1980). Poor growth in
sediments with high organic content (when
nutrient levels should be high) and low bulk
density was explained as being caused by the
low rate of diffusion in these types of sediments
(Barko and Smart 1986). Thus, the nutrients
were present and attached to soil particles but
the plants could not get to them efficiently due
to the high porosity of low-density soils.

The type and decomposition of organic matter
in the sediment also contributes to the nutrient
cycling process. In a study of decomposition of
sediment organic matter in beds of the seagrasses
blume (Rhizophora apiculata) and sea fruit
(Enhalus acoroides), Holmer and Bachmann
(2002) found that the stems and leaves of
seagrasses contributed relatively more nitrogen
than carbon to the water column than did the
rhizomes of the same species. Thus, the type
of detritus available (e.g., leaves or rhizomes)
influences sediment nutrient concentrations
and nutrient cycling dynamics and may need
to be sampled as well if a comprehensive
understanding of nutrient cycling and the role
of organic matter is desired.

Measuring and Monitoring Methods

Sediment grain size can be measured directly by
drying and sifting samples through a series of
different sized sieves (Poppe et al. 2003). It can
also be measured indirectly through measuring
bulk density. Bulk density is the dry weight of
the sediment per unit of volume (Steyer et al.
1995). It is generally low (e.g., 0.2 to 0.3 g/cm?)
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for sediments with high organic matter content
and high (e.g., 1.0 to 2.0 g/cm?) for sediments
with high mineral content (Mitsch and Gosselink
2000). Detailed methods for sampling sediment
characteristics such as grain size, nutrient
concentration, and organic content can be found
in Folk (1974), Gosselink and Hatton (1984),
Liu and Evett (1990), and Steyer et al. (1995)
as well as other resources listed in the second
appendix of this chapter.

Topography/Bathymetry

Acreage of habitat

Monitoring the area of SAV created as part of a
restoration project over time can be used as an
indicatorofwhetherthehabitathasdeteriorated or
improved. The spatial and temporal distribution
of'seagrass beds (primarily eelgrass) in Barnegat
Bay, New Jersey, for example, has been studied
by combining existing historical mapped survey
information (Lathrop et al. 2001). Maps from the
1960s, 1970s, 1980s, and 1990s were digitized
and assembled in a geographic information
system (GIS). Comparisons were then made
between earlier maps and a survey conducted in
the 1990s that showed a decrease of about 2,000
to 3,000 ha in seagrass beds over time. Aerial
photography, remote sensing, side scan solar,
and acoustic sounder systems are also convenient
methods for mapping and monitoring changes
in the acreage of SAV over time (Ackleson and
Klemas 1987; Ferguson and Korfmacher 1997;
Malthus and George 1997; Weinstein et al.
2001; Mumby and Edwards 2002; Sabol et al.
2002; Dierssen et al. 2003). Ground truthing to
verify SAV presence and species composition
is a very valuable supplement to any mapping
done by aerial photography or other remote
sensing method. For a description of the use
of ground surveys by the Virginia Institute of
Marine Science (VIMS) in its 2002 survey of
Chesapeake SAV, see: http://www.vims.edu/bio/
sav/sav02/report/ground surveys page.html.

Geomorphology

Geomorphology is the study of the physiographic
features of the earth’s surface. By understanding
the shape of a particular feature on the landscape
and how it was formed, insights into the functions
an area can perform can be better understood.
Geomorphic features are delineated based on the
shape and geologic history of an area, the degree
of protection from wave energy, and the amount
of hydrologic exchange with their receiving
water body. A given geomorphic feature may
contain a variety of vegetation communities
(i.e., habitats) within it. For example, the
geomorphic feature of a drowned river mouth
(see Figure 5) may contain a mix of riverine
forest, marsh, SAV, and open water habitats.
All of these habitat types are subject to similar
physical forces such as bidirectional flow and
water level fluctuations tied to receiving body
of water because of their location within the
drowned river mouth. In addition, the physical
forces that act upon a SAV community within
a drowned river mouth are different than those
that affect a SAV community along an open
coast. Thus, some of the functions the drowned
river mouth community can perform may be
different than those of an SAV community along
an open coastline.

The basic geomorphic types of coastal wetlands
are outlined in Figure 5. They are: open,
drowned river mouths, and protected. Although
the particular type of geomorphic setting a SAV
habitat is in will not change over time, each type
has characteristic influences on other structural
and functional characteristics that will be
monitored. In addition, short-term differences
in the connection between the wetland and the
receiving body of water such as the formation
of temporary barrier beaches can also affect
many wetland structural and functional
characteristics. Therefore, when developing a
restoration monitoring plan, the geomorphic
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type of the coastal wetland as a whole needs to
be taken into consideration?3.

Open Coastal Wetlands

Open coastal wetlands are subject to more wave
energy and hydrologic exchange than drowned
river mouths or protected wetlands. Open
wetlands have direct chemical and hydrologic
connects to the water body they are associated
with. They may also have upland water sources
such as small streams. They typically do nothave
as much sediment organic matter accumulated
as drowned river mouths or protected wetlands
(Keough et al. 1999). Plants and animals that
live in open wetlands must be tolerant of higher
rates of erosion caused by waves and ice and
daily water level fluctuations from tides or

seiches compared to other geomorphic types of
wetlands (Keough et al. 1999).

Drowned River Mouths

Drowned river mouths were formed during the
last ice age when water levels of the Great Lakes
and oceans were much lower than they are
today. As the lakes and oceans rose to present
levels, deep river valleys filled with sediment
creating linear wetland complexes chemically
and hydrologically dominated by both the rivers
moving through them and their receiving body
of water. Many of the estuaries in the United
States such as the Chesapeake and Delaware
Bays on the east coast, Coos and Siletz Bays in
Oregon, and those in the Great Lakes such as
Muskegon Lake in Michigan are drowned river

Physical

Hydrologic

Biological

Chemical

Variable inorganic substrate
(clay to gravel).

Thin to non-existent organic
substrate.

Moderate to high wave
climate.

Low rate of sediment supply.

Gentle offshore and
underlying-surface slopes.

May or may not have
offshore bars of sand
to gravel.

Direct surface-water
connection to the
receiving body of water.

Ground-water flow-system
directly influenced by
elevation of receiving
body of water.

Plant morphometry adapted
to hydraulic stress.

Vegetation aligned with
shoreline bars and dunes.

Vegetation sensitive to wave
climate and protective
dunes, ridges, bars, and
points.

Plant species preferring
inorganic substrates.

Stray estuarine fauna.

Biota tolerant of ice action.

Strongly influenced by
constituents of the
receiving body of water.

Low turbidity.

Vegetation may isolate
nearshore water from
mixing with the receiving
body of water.

Variable inorganic substrate
(clay to gravel).

Variable thickness of organic
substrate.

Low to moderate wave
climate.

Low to moderate rate of
sediment supply from coast
and river.

Direct surface-water
connection to river and the
receiving body of water.

Ground-water flow-system
influenced by elevation of
the receiving body of water
and the river.

Many local flow systems.

Seiches transmitted
upstream.

Plants and animals of
riverine, lagoonal, and
coastal habitats.

Mud-flat annuals, and plants
preferring organic
sediments.

Warm-water fish.

Biota tolerant of flooding and
high turbidity.

Upstream-downstream
gradient in water
constituents caused by
seiches mixing of river
water with water from the
receiving body of water
and reversal of currents.

Variable turbidity.

Protected

Uniform inorganic substrate
(sand to gravel).

Thick organic substrate.

High rate of sediment supply
to shoreline.

May or may not have a
surface-water connection to
receiving body of water.

Ground-water flow-system
may or may not be
influenced by the elevation
of the receiving body of
water.

Many local flow systems.

Peatland vegetation is often
present in northern areas.

Ridges and swales show
successional patterns.

Warm-water fish in lagoons.

Plants preferring organic
substrates.

Organic matter may
dominate water chemistry
if limited riverine inflow.

High water temperatures in
summer.

Ground-water seepage may
cause temeprature
gradients.

Low turbidity.

Ground water may dominate
chemistry where inputs
are high.

Figure 5. Three main types of coastal wetland geomorphology, open, drowned river mouth, and protected.
The specific type of geomorphology has direct effects on the physical hydrological, biological, and chemical
characteristics of the whole wetland and associated SAV habitats. Modified from Keough et al. 1999.

23 Some aspects of geomorphology within habitats such as the pattern of tidal creeks, however, can change as
habitats mature (Weinstein, M. P., J. M. Teal, J. H. Balletto and K. A. Strait. 2001. Restoration principles
emerging from one of the world’s largest tidal marsh restoration projects. Wetlands Ecology and Management
9:387-407). These within-habitat patterns and structures can be monitored using aerial photography but are not

the main topic covered here.



9.18

SCIENCE-BASED RESTORATION MONITORING OF COASTAL HABITATS: Volume Two

mouths. During periods of low flow, barrier
beaches may form over the river mouth. This
increases the retention time of water within the
wetland, increasing the potential for sediment
deposition and nutrients uptake but preventing
the migration of fish. During severe storm
events or high water levels, these protective
structures can be eroded away and flow through
the wetland increased, thus reducing retention
time and flushing accumulated sediments,
nutrients, and organic matter into the receiving
body of water.

Protected Coastal Wetlands

Protected coastal wetlands are located behind
some sort of barrier (often an island) that
protects them from the full force of waves
coming off the main water body. It may also
isolate them from water level fluctuations if the
barrier is complete. The extent of the barrier has
direct effects on the accumulation of organic
matter, water chemistry, and other physical and
biological characteristics as well by altering
the flow and retention time of water through
the wetland. As with barriers on drowned river
mouths, barriers for protected wetlands can
be temporary, completely isolating, or open
to allow some hydrologic exchange with the
receiving body of water.

Elevation and Slope

Slight topographic differences in the wetland
substrate?* create habitat for different plant
species and plant communities to grow. All
other things being equal, SAV beds with
uniform substrate elevations will have a
much more uniform vegetative community
with lower species diversity than will beds
with a topographically complex substrate.
Sedimentation rates, water level changes, and
subsidence can change the depth of water to
the substrate and thus change the vegetation
community (Hatton et al. 1983; Wilcox and
Whillans 1989; Wilcox and Meeker 1995; Minc

24 Underwater topography is referred to as bathymetry.

1997). In any restoration project involving
planting or seeding, careful measurement of
depth to substrate, substrate elevations, and
topographic diversity will need to be done in
order for the proper plant species to be selected.
Inprojectsusing dredge material or dike removal,
for example, practitioners may need to monitor
substrate elevations and topographic diversity
for a period after project implementation and
before planting to determine if the planned-for
elevations have been achieved. Once sediments
have settled into place and final elevations of
the substrate are known, final selections of plant
species can be made and placed in the field.

The slope of the sediment surface can influence
the primary production of SAV (Duarte and
Kalff 1986). This effect is related to the rate and
quality of sediment deposition and the slumping
of sediments that can stress plant roots. Gently
sloped areas (e.g., slope < 5.0%2°) have more
stable sediments and greater deposition of fine,
nutrient-rich sediments than areas with steeper
slopes that tend to be areas of erosion and
sediment transport (Hakanson 1977). As will be
shown in the discussion of wave energy below,
the slope of the substrate in relation to wave
energy and light availability directly affects the
spatial location of SAV communities within a
particular area.

Sampling

The bathymetric features on an SAV bed can be
sampled using a boat and a method to measure
depth such as a weighted rope, pole, or radar.
Depending on the amount of detail desired and
the size of the habitat being mapped, this method
may be adequate. For larger areas or where more
detail is desired, remote sensing techniques can
be used. High-resolution aerial imagery can
be used to create detailed maps of bathymetry
over large areas that would be hard to sample
with traditional methods. Imagery can also be
analyzed to distinguish different sediment types

25 Hakanson’s study was conducted in a lake. Since sediments in freshwater tidal and coastal areas of the Great
Lakes may experience greater energy stress than inland lakes due differences in hydrodynamics, deposition and
stability of sediments within SAV communities may require even smaller slopes in these environments.
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(Lee et al. 2001; Dierssen et al. 2003; Louchard
et al. 2003). Results need to be referenced to
accurate tidal reference data so the depths can
be referenced to mean low water levels. To do
this the time of day needs to be recorded with
each measurement, so they can be compared to
measured water levels at the nearest reference
station. NOAA provides a variety of water level
data free to the public that may be of use; see
http://co-ops.nos.noaa.gov/data_res.html.

HYDROLOGICAL
Current Velocity

SAV affects and is affected by the current
velocity of the water column. Areas of high
energy and strong current velocities such
as those with large tidal exchanges or high
freshwater flow areas tend to be dominated
by SAV with linear, ribbon-like leaves. Areas
with lower current velocities are dominated by
species with bushier, more complex canopies
(Stevenson 1988; Dudgeon and Johnson 1992;
Sand-Jensen and Mebus 1996; Dodds and
Biggs 2002). These differences in canopy type
and structure further alter the flow and mixing
of water through the bed. SAV beds with higher
canopy complexity slow water to a greater
extent than do beds with lower density and/or

o

Figure 6. This dense canopy of SAV growing in the
Mississippi River Delta creates friction and slows
water velocity. Photo courtesy of Teresa McTigue
http://www.photolib.noaa.gov/coastline/line1211.
htm

less complex canopy structure (Figure 6 - Dodds
and Biggs 2002). Dense stands of SAV can slow
water velocity by as much as 2 to 10 times that
found in adjacent unvegetated areas and can
even dampen tidal exchange (Ackerman 1983;
Madsen and Warncke 1983; Carter et al. 1988;
Gambi et al. 1990; Rybicki et al. 1997; Heiss et
al. 2000).

Reductions in water velocity due to SAV can
result in:

* Decreased sediment transport and increased
sediment deposition (Fonseca et al. 1982;
Bulthuis et al. 1984; Ward et al. 1984)

* Less vertical mixing of water in thermally
stratified lakes and impoundments (Suzuki
et al. 1995)

* Changes in nutrient uptake and biomass
production (Fonseca et al. 1982; Dodds and
Biggs 2002), and

* Increases in animal diversity by creating
low-energy habitats in otherwise high-
energy environments (Suren 1991)

SAV also benefits from its own effect of reducing
water velocity. These benefits include:

* Reduction in self shading

e Lower shear forces at the sediment surface
reducing sediment resuspension

* Increased sedimentation and deposition of
organic and fine inorganic particles

* Longer residence time of water within the
bed, facilitating greater nutrient uptake, and

* Anincrease in the settling of algal spores and
other larvae resulting in higher biodiversity
(Koch 2001)

Currentvelocityalsoaffects primary productivity
and biomass production (Butcher 1933). Each
plant species is adapted to a particular range of
velocities within which it functions best (see
review in Carr et al. 1997). Water velocities
within the plant bed as slow as 5 cm/s have been


http://co-ops.nos.noaa.gov/data_res.html
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shown to increase productivity, while velocities
of'50-100 cm/s or more can stress plants and limit
productivity (Chambers etal. 1991; Koch 2001).
The velocity of wateralso influences productivity
by affecting the diffusion of nutrients and waste
products through plant leaves. The flow of water
across the leaf surface facilitates the exchange
of dissolved substances by replenishing nutrient
and carbonate concentrations and removes
accumulated sediment and waste products from
leaves (Odum 1956).

Sampling

A variety of manual and automated flow meters
arecommerciallyavailable foruseindetermining
water velocity within and around vegetated
areas. Equipment costs and sophistication range
from low-tech, manual methods that measure
flow at one point and time to electronic meters
that can be left in place for weeks or months.

Water Sources

The amount and source of water to an area also
has an effect on SAV. Changes in the amount
of freshwater discharge to estuarine and marine
areas or fluctuations of the water level of the
Great Lakes can change the specific location of
the habitat from year to year. Certain species may
dominate vegetation communities one year and
give way to others the next. Whole communities
can appear and disappear in response to changes
in upstream flow (Klarer and Millie 1992), land
use (Carter et al. 1994), and associated changes
in water quality. For example, a strong storm
surge along an ocean coast can bring salt water
upstream to areas that are typically freshwater.
If the saltwater is not quickly flushed from
the area, it can kill the established species and
create conditions for more salt-tolerant species
to grow.

Wave Energy

Wave energy can directly and indirectly impact
SAV communities and limit their ability to

Best Management Practices

Thetype of land cover in upstream areas producing
runoff can also influence SAV. Exposed soil from
agricultural land or construction projects can wash
into water bodies during rain events. This can
harm SAV in two ways, first by increasing turbidity
and second by literally burying plants if sediment
loads are high enough. The use of vegetated
buffer strips in upstream areas can reduce the
amount of sediment entering waterways from
non-point source areas such as farm fields. Urban
best management practices (BMPs) can be used
to minimize the impact of point sources or urban
stormwater systems on aquatic systems. Many
local governments around the country have
BMP guides that practitioners can obtain free-
of-charge to learn more. Some examples include
Prince George’s County’s Design manual for
use of bioretention in stormwater management
(Engineering Technologies Associates Inc. and
Biohabitats Inc. 1993) and Cost estimating
guidelines: best management practices and
engineered controls from the Rouge Program
Office in Wayne County, Michigan (Ferguson
et al. 1997). Schueler et al. (1992) have also
developed a series of commercially available
guidelines for implementing BMPs into urban
stormwater management programs. The US
Environmental Protection Agency (EPA) also
provides stormwater BMPs for the protection of
wetlands. This document is available at: http://
www.epa.gov/owow/wetlands/pdf/protecti.pdf.
Additional resources are also available from the
EPA that cover a variety of land use situations.
These resources can be found by searching the
EPA’s website http://www.epa.gov.

grow at shallower depths. Waves as small as
0.1 meter in height can significantly damage
plants (Stewart et al. 1997). Direct effects of
wave energy include washout and burial of
seedbanks, damage and uprooting of individual
plants, and reduced survival of seedlings and
developing winterbuds (Doyle 2001). These
effects can be seen from storm-induced waves
(Figure 7 - Terrell and Canfield 1996) as well
as from waves caused by boats (Stewart et al.
1997). Moderate amounts of wave energy can
actually be beneficial to SAV by reducing the
epiphyte layer, thus enhancing photosynthesis
and increasing rates of diffusion at the plant
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surface (Wetzel 1992). Moderate levels of wind
exposure and wave energy are also correlated
with higher species diversity (Bailey 1988).

By monitoring wave energy on plants and at
the sediment surface, restoration practitioners
will be better able to understand and address
the physical impacts to their restored area
and better select plant species tolerant of such
conditions during the planning process. Canopy
forming plants such as milfoil suffer greater
damage than ribbon-like plants such as wild
celery. Even plants such as wild celery adapted
to higher energy environments, however, can
be negatively affected by waves. Waves 0.15 m
in height can produce shear velocities around
1.4 meters per second on the surface of the
plants and impact the ability of canopy-forming
freshwater plants to reproduce (Doyle 2001).
Wave energies of this magnitude can easily be
produced by recreational watercraft in shallow
water (Doyle 2001). SAV beds in higher energy
environments or meadow-forming species
growing deeper in the water column may be
able to tolerate much larger waves without the
same level of impact. SAV species that have
a shorter, meadow forming growth form that
overwinters, and that develop longer branched
reproductive shoots in the summer, may remain
in the short form all summer in high wave energy
environments. In Chesapeake Bay this has been

Figure 7. Horned pondweed
(Zannichellia palustrus) generally
grows in shallow, calm areas

| but can be killed by high

water temperatures where it
floats to the surface and is

| washed up on shore by high
waves. Photo courtesy of Mary
Hollinger, NOAA Photo Library.
http://www.photolb.noaa.gov/
| coastline/line0763.htm

observed in horned pondweed, widgeongrass,
and sago pondweed (Bergstrom pers. comm.).

Indirect effects of wave energy on SAV
communities often involve the impact of waves
on sediments. Wave energy can sort sediments,
resuspending and removing finer silts and clays,
leaving behind sands and coarser materials
with lower nutrient availability (Spence 1982;
Wilson and Keddy 1985). Wave energy can
also maintain turbidity levels high enough to
prevent SAV from re-establishing in areas it
had previously dominated (Engel and Nichols
1994). Wave energy near the shoreline also

Wave length (L)

Orbital
wave
velocity
decreases
with depth

L

O
2

Depth at which the orbital velocity of the
waves ‘touch’ the bottom and potentially
resuspend sediments, limiting the growth of SAV.

Figure 8. Cross section of a SAV bed showing the
depth limitation imposed by waved energy reaching
the sediment surface and increasing total suspended
solids, eroding plants and decreasing light availabil-
ity. TSS = Total Suspended Solids (i.e., sediments).
Modified from Koch 2001.
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limits SAV to deeper water, below the area of
wave-induced sediment resuspension (Figure
8 - Chambers 1987). The relationship between
wave energy and limiting the spread of SAV can
be more easily seen in areas with steeper slopes
(Chambers 1987). Areas with more gently
sloping substrates have a more complicated
interaction of wave energy and sediment
resuspension, the details of which have not been
well studied (Koch 2001).

Sampling

The Army Corps of Engineer’s Shore Protection
Manual (U.S. Army Coastal Engineering
Research Center 1984) is an extensive document
that explains many wave characteristics and
mathematical formulae for predicting them.
Using equations from that document, it is
possible to calculate the depth at which waves
reach the sediment surface (i.e., touch the
bottom). Simplified equations that may be of use
in some coastal areas are provided in Appendix
IV of'this chapter. Electronic devices to measure
wave energy (such as pressure sensors) are also
commercially available.

Tides/Hydroperiod

The magnitude, frequency, timing, and duration
of water level fluctuations are all important
characteristics in determining the location
and species composition of SAV (Wilcox and
Meeker 1995). Water level fluctuations may
occur daily, seasonally, or on annual/decadal
cycles. These patterns are driven by tidal
patterns and/or changes in weather. Humans
can also control water level fluctuations through
the use of dikes and dams. In coastal marine
areas, tides are the major force responsible for
circulating water within SAV beds and between
a bed and adjacent habitats (Carter et al. 1991).
In both freshwater and marine habitats, seiches
can also drastically change water depth and
mix lake or bay water far into coastal wetland
systems (Wilcox and Meeker 1995). They can

also move material such as sediments, nutrients,
and organic material back and forth between the
wetland and open body of water (Keough et al.
1999). While extreme low water levels may
stress plants and animals, longer-term cycles
of high and low water levels are necessary to
maintain healthy, diverse SAV habitats. For
example, Wilcox and Meeker (1992) studied
regulated lakes in Minnesota. They found that
water level management schemes that did
not mimic natural water level fluctuations of
similar lakes resulted in a loss of SAV species,
abundance, cover, and structural diversity.
Changes in the structural characteristics of SAV
habitats can impact invertebrate communities,
waterfowl, and fish use.

Natural inter-annual variation in the surface
elevation of the Great Lakes has a tremendous
impact on SAV communities. Increases in water
level can deprive deeper plants of light but also
create conditions for SAV to grow further inland
in areas that may have once been dominated by
marsh vegetation. During prolonged droughts or
lowering of Great Lakes water levels, freshwater
habitats may move farther downstream or out
into the lake basin. These system dynamics
must be taken into consideration during the
preparation of restoration goals and monitoring
plans (Wilcox et al. 2002). Estuarine and marine
habitats typically have more predictable water
levels over time than do Great Lakes habitats,
although sea levels are rising worldwide
(Warrick 1993).

Tidal regime, wave energy, and light availability-
at-depth determine which specific locations may
be most conducive to a successful restoration
effort. SAV are intolerant of desiccation and are
therefore restricted to sub-tidal areas (Cowardin
et al. 1979; Koch 2001). The upper limit of
SAV growth is then determined by the effect of
tides and wave action as previously described
as well as the effects of ice, grazing, and other
disturbance in shallow water. The lower extent
of SAV is limited by light availability (Figure
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Min depth of SAVI
limited by water
level flux and waves

Max depth of SAV limited by light

. High Water Level

Figure 9. The minimum depth
SAV can colonize is limited
by low water levels and wave
action. The maximum depth
is limited by light availability.
Modified from Koch 2001.

Mean Water Level

Low Water Level

9 - Dennison et al. 1993; Koch 2001 and
literature cited therein). The horizontal extent
of SAV growth is then limited by the slope of
the substrate.

Sampling

Tide tables for most of the United States and
its protectorates are available from the National
Oceanic and Atmospheric Administration
(NOAA) at http://tidesonline.nos.noaa.gov/ and
http://co-ops.nos.noaa.gov/data_res.html. The
United States Geological Survey also operates
a series of gaging stations on rivers throughout
the country. Historical and real-time data on
hydroperiod and characteristics of the watershed
are available for many areas at http://water.
usgs.gov/waterwatch/. If the restoration site is
reasonably close to a listed site, monitoring of the
tidal period as part of the restoration monitoring
may not be necessary. Smaller coastal rivers,
however, may not have gaging stations requiring
that restoration practitioners implement other
methods to collect this information. A variety of
manual and electronic gages are commercially
available. Gages that are read manually and
checked during site visits can be attached
to metal poles and driven into the substrate.
Mechanical gages that record maximum and
minimum water level since the last site visit
can also be useful. Electronic gages can be set
up and left in place to continually record water

level fluctuation data over time as well. This
method has the advantage of recording data that
might otherwise be missed by manual sampling
alone.

CHEMICAL
Salinity

Salinity plays a role in the zonation and
distribution of SAV. By definition, only seagrass
species can tolerate the salinity of full strength
seawater. Different species of seagrasses,
however,toleratedifferentsalinitylevels(Lirman
and Cropper 2003). Factors that contribute to
changes in salinity levels include industrial and
agricultural inputs (typically increase salinity)
and changes in weather patterns that increase
or decrease inputs of freshwater. Increasing the
amount of impervious surfaces in a watershed
tends to lower salinity as a greater percentage of
rainfall is delivered to rivers and streams instead
of infiltrating into the groundwater. High salinity
levels can result in lower seagrass productivity.
Salinity levels also influence fauna zonation
within seagrass habitats (Ingram and Dawson
2001). Salinity should therefore be monitored
in tidal areas subject to changing salinity levels.
Some tidal freshwater areas can also become
brackish during drought years thus requiring
salinity to be monitored. In strictly freshwater
areas, monitoring salinity is not necessary.
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Nutrient Concentration

While the main source of nutrients (nitrogen
and phosphorus) to submerged macrophytes
is sediment porewater (Carignan and Kalff
1980; Barko and Smart 1981b; Fourqurean et
al. 1992), they can absorb small amounts of
nutrients from the water column through their
leaves. Despite their ability to remove nutrients
from the sediment and water column, excessive
amounts of nutrients can disrupt SAV habitats
and result in habitat degradation. When nutrient
concentrations in the water column are too high,
SAV cannot absorb them before phytoplankton
and epiphytic algae do. These microscopic
plants can then grow fast enough and thick
enough in the water column and on the surfaces
of macrophytes that they outcompete SAV for
light, killing the host plant.

Under certain circumstances, SAV can also
increase the concentration of nitrogen and
phosphorus in the water column. Rooted plants
move nutrients from the sediment to the upper
portions of the plant (Carignan and Kalff 1980).
Plants then lose nutrients through four possible
mechanisms: leaching, excretion, autolysis, and
decomposition (Barko and Smart 1981b). Only a
small amount (if any) nitrogen and phosphorus,
however, is lost through excretion during active
growth of plants. The vast majority of nutrients
lost by SAV result from plants dying or having
pieces broken off. As plant tissues begin to
break down, nutrients are leached into the water

column. As plants continue to decay, cell walls
are broken down (autolysis) and their nutrient-
rich contents are spilled into the water, the
remaining plant materials are then colonized by
fungi and microbes. These organisms complete
the decomposition and nutrient cycling
processes. As nutrients become available in the
water column, they can be quickly absorbed
by phytoplankton (Stevenson 1988). Thus, in
temperate climates at least, a seasonal cycle of
water column nutrient concentrations can be
seen in areas with large beds of SAV. Nutrient
concentrations in the water column can be high
in spring, low during the growing season and
high again in the fall and winter.

Sampling

Detailed methods for sampling salinity, nutrient
concentrations, and other characteristics of
the water column that may affect the growth
of SAV are covered in the American Public
Health Association’s, Standard Methods for the
Examination of Water & Wastewater (APHA
1999) and in a variety of methods manuals
listed in Appendix II of this chapter. Bergstrom
(2002) has also compared several methods
for measuring salinity. Results of this study
are available online at http://www.epa.gov/
volunteer/winter(02/volmon.pdf.

Many of the physical and chemical functions
performed by SAV were covered with the
associated structural characteristics above.
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FUNCTIONAL CHARACTERISTICS OF SUBMERGED

AQUATIC VEGEGATION

The following sections focus on the biological
functions of freshwater and marine SAV. A list
of common functional characteristics of SAV
includes:

Biological

* Contributes to primary production

* Supports biomass production

* Provides breeding grounds

* Provides nursery areas

* Provides feeding grounds

* Provides refuge from predation

e Supports high biodiversity

* Supports a complex trophic structure
* Provides substrate for attachment

Physical
e Affects transport of suspended/dissolved
material

e Alters turbidity

* Reduces erosion potential

* Reduces wave energy

* Modifies water temperature

Chemical

* Supports nutrient cycling

* Modifies chemical water quality
* Modifies dissolved oxygen

The SAV literature, and particularly the marine
SAV literature, is quite extensive. Wherever
possible, a marine and/or freshwater example
is used below to illustrate each characteristic
function and parameter(s) that may be useful in
monitoring restoration projects. The examples
provided, however, are only a few of the
many available. In topics where literature is
particularly abundant, sources are cited at the
end of the section to guide readers to additional
information. Readers are also encouraged to
use the Annotated Bibliography and Review of
Technical Reference Manuals in the appendices

to find additional information, examples, and
resources.

BIOLOGICAL
Contributes to Primary Productivity

SAV are primary producers, using the sun’s
energy to produce organic material that can then
be used by other organisms. In the process, they
utilize and recycle nutrients in the water column
and sediments (McRoy and Helffreich 1977)
and help to increase water clarity and quality.
SAV also contribute to the overall productivity
of the area in a variety of other ways. They
often increase the amount of nutrients available
to epiphytes, phytoplankton, and other meio-
and benthic flora, increasing the productivity of
these plants as well.

The energy produced by submerged macrophytes
and their associated flora, can be used by animals
directly or indirectly. A simplified version
of the process is illustrated in Figure 10. The
movement of dead plant and animal material
(black arrows) along with that of SAV, epiphytes,
and phytoplankton (green arrows) that are not
directly eaten by grazers, is toward the detrital
pool in the sediment. This forms the basis of the
detrital food web. These materials are then eaten
(red arrows) by decomposers such as fungi and
bacteria. These microorganisms are then eaten
by meiofauna in the sediment such as worms
and nematodes. Meiofauna are then fed upon by
omnivores such as shrimp and crayfish. Grazers
and omnivores such as crayfish, sea urchins, and
other benthic fauna, fish, turtles, manatees, and
waterfowl can also eat live plant material. That
said, relatively few species, compared to the
total number found in SAV habitats, feed directly
on living macrophytes. The small number
of direct grazers may be linked to the greater
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Detrital
Pool

Dead plant materials
from other habitats.

Vascular plants
and algae.

Grazers
- Snails

Export to other
habitats or
stored in sediment.

&

Figure 10. An example

of a food web in SAV
habitats. Green arrows
represent the flow of live
plant material, black arrows
represent dead plant

and animal material, red
arrows represent predation.
Although arrows are

sized to represent relative
amounts, exact amounts
of energy moving from one
component to the next

Decomposers
- Fungi
- Bacteria

Meiofauna
- Worms
- Nematodes

Omnivores . e e .
- Shrimp will vary among individual
- Crabs areas. Figure by David H.

Merkey, NOAA Great Lakes
Environmental Research
Laboratory.

availability of nitrogen compounds from other
food sources such as the epiphytes that grow on
SAV, the presence of tough cell walls in many
SAV species, and toxic or inhibitory chemicals
(Thayer et al. 1983). Only a small amount of
the energy produced by submerged vegetation
enters the food web as live material. Most of the
energy produced by SAV is available to animals
only through the detrital food web. Grazers and
omnivores are, in turn eaten by waterfowl, fish,
and humans. At all stages, there is a possibility
that individual animals will not be eaten but
instead die and add their bodies to the detrital
pool to be recycled. Some detritus never enters
the food web but is exported to other habitats
or stored in the sediment. This example is very
simplified, additional components and examples
could be added as well as additional arrows
drawn between different components.

Epiphytes and benthic algae

As stated previously, algal species and epiphytes
play an important role in SAV ecosystems by
contributing to primary production (Bologna
and Heck 1999). If SAV growth is reduced,
it will not only affect the algae and epiphyte
community but also the epifaunal community
that relies upon these food sources. Epiphytic
algae contribute approximately 50% of the

primary productivity of SAV habitats (Moncreiff
and Sullivan 2001). Measuring and monitoring
the growth and productivity of SAV, algae, and
epiphytes can be an important component of
many restoration monitoring projects concerned
with increasing productivity levels.

Sampling

Carpenter and Lodge (1986) and Stevenson
(1988) reviewed the literature for techniques
used to measure productivity in SAV. Methods
discussed included leaf marking, O, and CO,
exchange, and aboveground dry weight. Another
method to estimate belowground productivity
is thizome tagging as described by Short and
Duarte (2001). Each of the methods, however,
underestimates the total primary productivity
of submerged vegetation (Carpenter and Lodge
1986; Stevenson 1988). A more accurate
assessment of macrophyte biomass production
could be derived using a variety of measurements
and taking many small samples over time instead
of a few large ones (Stevenson 1988). Standard
methods for measuring the productivity rates,
weight or light attenuation effects of epiphytes,
however, have not been established. Researchers
at the University of Maryland Center for
Environmental Science Chesapeake Biology
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Laboratory have been working on methods
to assess these characteristics?®. Additional
methods for measuring primary productivity
may be found in resources listed in the second
appendix of this chapter.

Habitat Created by Plants (i.e., SAV)

SAV provides a variety of wildlife habitat and
physical functions?’. SAV habitats support a
complex trophic structure and often have high
biodiversity compared to unvegetated areas.
SAV provides surfaces for:

* Algae and microbes to colonize

* Invertebrates to graze, hide from predators,
and deposit eggs; and

* Fish to spawn, protect young, and feed

SAV (particularly freshwater species) create
vertical structure that shades lower portions
of the water column, setting up temperature
and light availability gradients, thus, vertically
diversifyinghabitats. SAV also provide important
biochemical functions by transporting oxygen
to the sediment and in return, transporting
nutrients from the sediment into the water
column (Wilcox 1995). Although specific
relationships have only been worked out for a
small number of species, some generalizations
at the community level can be made for fish,
birds, and invertebrates (Maynard and Wilcox
1997). Marine SAV, for example, provides
foraging areas for fish, shrimp, dugongs,
sea turtles, and a host of benthic organisms
(Dunton 1998). Shrimp, fish, and crab larvae
inhabit seagrass beds to avoid predation from
larger animals (Day et al. 1989). Stem density
and structural characteristics of the particular
plant species present determine the species
and abundance of animals that are able to use
the habitat (Wilcox and Meeker 1992; Brazner
1997; Grenouillet and Pont 2001; Harrel et al.

26 http://cblcbos1.cbl.umces.edu/sone/

2001; Spence-Cheruvelil et al. 2002; Valley and
Bremigan 2002). As such, any natural or man-
made change to SAV species composition can
affect the abundance and distribution of animals

and other plants found in the area (Sheridan et
al. 1997; Wyda et al. 2002).

Breeding, nursery, and feeding grounds
(including productivity and refuge)

Many species of fish, birds, and invertebrates use
SAV habitats as feeding, breeding, and nursery
areas. Many different types of invertebrates
such as shrimp, crabs, snails, insects, and
zooplankton use SAV to hide from predators,
feed, and lay their eggs. Small fish species and
juveniles of larger species use SAV to forage
on invertebrates that tend to be more abundant
in SAV areas than in open water. Smaller fish
(and their invertebrate prey) also use SAV to
hide from predators (Rozas and Odum 1987a).
Herbivorous and piscivorous birds also feed in
SAV habitats. Even mammals such as dugongs
(Dugong dugons) and West Indian manatees
(Trichichus manatus) and reptiles such as the
green turtle (Chelonia mydas) use seagrass
habitats as feeding grounds.

Invertebrates

SAV provides refuge for small and juvenile
animals from predation. The distribution and
abundance of micro- and macroinvertebrates,
zooplankton, and zoobenthos are directly related
to the presence, abundance, and complexity of
habitat structure supplied by SAV. Macro- and
microinvertebrates depend upon SAV to provide
holdfasts, places to hunt and graze, and protect
from predators. These invertebrates are often the
basis of the food chain for larval fish and older
stages of numerous species (Krieger 1992).

Marine Invertebrates
A variety of macroinvertebrates, many of them
commercially important, use seagrass habitats

27 For a detailed discussion of physical and habitat functions specific to seagrasses, readers are referred to Thayer,
G. W., M. S. Fonseca and W. J. Kenworthy. 1985. Restoration of seagrass meadows for enhancement of nearshore
productivity. pp. 259-278. Proceedings of the International Symposium on Utilization of Coastal Ecosystems:

Planning, Pollution and Productivity. Rio Grande, Brazil.
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at some point in their lifecycle (see Orth et
al. 1983 for a more thorough review). A few
examples include:

Marine shrimps (Penaeus semisulcatus)

Molluscs such as sea snails (A4plysia
californica)

Bay scallops (Argopecten irradians)

Conch (Strombus peruvianus)

Pink shrimp (Farfantepenaeus duorarum)

Blue crabs (Callinectes sapidus), and

Spiny lobsters (Panulirus spp.)

Increased Productivity - Seagrass habitats
have been shown to significantly increase
the productivity of invertebrate populations.
Perkins-Visser et al. (1996), for example,
studied the role of seagrass beds as nursery
habitat for blue crabs in the lower York River,
Virginia. First-stage crabs were placed into
the vegetated and unvegetated, predator-free,
enclosures. Juvenile blue crabs within eelgrass
beds grew more rapidly than crabs in enclosures
p